CHAPTl^H I. 
OCCiniEENOE. 


The [)rinci{jal Riiljst.'inoo.s wliicli we oMiiin from the earth’s crust 
are tlic metals and their ores, fuel, building materials, roadstono, 
salt, gems, abrasive®, and minerals required for various chemical 
manufactures. 

The dejxisits of these various substances occur in the earth’s 
onist in various ways ; for the juirijoso of the miner they may be 
conveniently clas.sed, accoivlhig to their shape, into: T. Tabular, 
aud n. Non-tahular. The tabular de])o.siis may then be sub¬ 
divided according to their origin into two classes; (I) Beds; (2) 
Veins. For want of a better word the non-tiibular deposits may 
be called (ii) Masses. 

The classilication, tlicreforc, shinds thus;— 

I. Tabular or .slicet-like deposit^, j 
,11. Fon-labnlar deposits. Ahasses. 




(1) Beds or Seams. 

A ‘ bed ’ or ‘ seam ' is simply some special member of a group 
rf strnlilicd rocks; iu» other words, it has been formed as a 
layer at the bottom of some sea, lake, 
tdf river by the deposition of mud, sand 
of; Btbnes, Ijy the evaporation of saliue 
scJptiaw, or by the growth of .animal or 
vegetatile organisms. 

bsd may.vaj-y considerahly 
ift 'tni^kness; it may dwindle away gradu- 
vt^jOr iiibre^ in size, or become divided 
’ipolt^bJ^Wiag to the intercalation of a 
A?."«aluelass rook.; but, in spite 
,;(rfvWk®'’%#^td6ns,. «- bbd is much, more 
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and comnosition than a vein. 





4 ' THE BtBMESTs'oF MINING AND QijABByiNG. 

The terms ‘ dip ’ and ‘ strike ’ are used with pifecisely the same 
meanings as are given to tlieni by the geologist. 

The stratum immcdiatel}' altove a bod or seam which is being 
worked is usually‘known as the ‘roof,’ and the stratum lying 
underneath it is cjdled the ‘ floor' or ‘ pavement.’ 

Many of the most important m'uoral deposits in the world arB_ 
beds containing a very small icroportiou of some metal, such as 
copper, gold, or leai, but eipough, nevertheless, to make its 
ertraction commercially proftlable. 

In other cases thetwhole of the bed is utilised, as happens with 
fossil fuel, or with .sandstone and limestone emiiloyorl for building 
purposes. 

The thickness of the beds now being worked commercially 
varies between wide limits; tlio vuiiiable jiart of tlio seam of 
copper-bearing shale wliicli lias made the Mansfeld mines so famous 
is only 3 to 7 in. thick, wliilst beds of slate 100 ft. tliick and 
more are comnum. Kveu with one and tlie same mineral, such as 
coal, the limits are considerable. Tlic coal scams worked in tliis 
country vary in tliickness from 1 to 30 ft., and tins latter figure 
is exceeded on the Continent and in America. Wlien one comes 
to snch minerals .as sandstone, limestone and chalk, one may 
frequently see a succession of strata several hundred feet in height 
forming the face of a (piarry. 

(■_') Mineral Veins. 

A ‘vein’ or ‘lode’ is a tahular body of mineral which has been' 
formed subsequently to the rooks w Inch enclose it. < 

■This is very apparent in certain typical cases; a a, bi, and c c, 
(fig. 2) represent bods of sandstone and limestone traversed 
by bands of calcite, rfd ; zinc blende, ee; and .galena,//. It ^ 
difficult to conceive that during the deposition of the. cdlcareous 
matter and sand, which have now hecoene limestone. and 
sandstone, a dccii gap existed on the sea bottom, along which 
were deposited the upriglit bands of calcite, blende and galefla 
on the contrary, tlie vein looks as if it had been formed by ^e, 
growth of layers of mineral parallel to the sides of a craok nr; 
fissure in rocks which had already bepome hard ^and solii' 
33jis hypothesis is strengthened when one finds enclosed m tte- 
vein pieces of rook which evidently have been broken off fcdm th® 
Bides. The resemblance of a vein to a fillcd-up fissure Is often BO 
marked, that a deposit of this kind is known' in some counfaflffi ^ 
»■ ‘eleft’ (8.1uft, Ger.), a more correcl metaphor than our wnrd^ 
'vein.’ 




occtjRiiiarcEi . i 

In addition •to these sharply defined lodes, in vldch the 
valuable material cuds oif suddenly afr the sides of the original 
crack, there are <)ti\ers in which the mineral sheet, as shown by 
the stippliii" in lig. 4, gradually fades into' the surrounding 
rocks without any distinct hounding planes. Probably the fissure 
A B (fig. 4) furnisliod a cliaunel for mineral solutions which 
altered the rock at its sides and so produced a slieet of 
oje-bcaring material. C T) K K. This tabular ore body dependent 
ugpn a cleft is likewise called a vjii^or lode. 

Instead of a single cleft, there may he a group of several cracks 
more or less intersecting one anotlier, an8 tlie term ‘vein’'is 
tlien applied to the wliole of tlie sheetdike body of fissured material 
impregnated with some, valuable ore. The vein may e.voii ho a 
body of fault-breccia or fault-conglomerate cemented by minerals, 


cf t f fee! 



Fip. 2.—Vein ot calcite, zinc blende and galena, showing banded structure, 

» 

which have lieen deposited in the interspaces wliich originally 
oiisted between the fragments, and in the cracks which traversed 
them. 

It is frequently impossible to decide definitely wdiether a given 
.deposit has been formed contemporaneously witli, or subsequently 
to, the enclosing rocks. In some instances the valuable constituent 
of a bed'has evideiiMy wandered in since the deposition of the 
original sediment. This lias certainly happened with the copper- 
bearihg'.oonglomerate of Lake Superior, for the native copper was 
hot deposited at the same time as the pebbles. The same 
hypothesis has been ofibaed in the case of the gold-bearing oqn- 
funnerateiu the Transvaal. 





6 


THS KTiSMKNTS OF MmiW5 AJf'n QUARRYtJICI. 



guW-beuriiig qu,irt7, SI Tlaviii’s Min$, Dolgoily Jforth 
Wales; from a pliotogi-aph by Mr G. .1. Williams, H.H. Inspeste*- 
ol Mines. ‘ 









OCGUitWtNeE. 

When the tlujiosit can claim to ho of sccliinontary origin 
in-espectivo of its v.iliiuhlc iiigicilicnt. I ooiisidei- that it is most 
appropriate to designate it as a ‘bed’ or ‘seam’ in spite of the 
later infiltration of the gold, cojiiici-, or other metal. 



rock rack oir.-aearm$ rock 

rock 


1‘IG 4.—iliucjal vt'iij, consiht- 

iiij; ol u]U*mi Jock atl,|.act*iit Vio. T*.—MiinTal vein fonriod out 

to a lissuro. . of altfri 'I fibsurcil rock. 


Like a Ijod, a vein has ifs dip and strike : hui as the dip of tho 
vein ia J;e?n-‘ral]y great, it is often iiiuasurcd from the .vertical, 
and is then s{K)ken of as tlic 


He^.un-hrlaijy or hade. Instead of 
being |xpressed in degrees, the 
uuderlie is soinotinies in^sasured by 
the amount a lode plunge^ under 
cover, or away from the vertical, 
ia a dr^taneg of one fath(nn meas¬ 
ured alcmg the d?p. 

'Hw botinding planes of a vein, 
y y - (fig. fi)i arc called tho waJh 
or ^lesksy and they are frecjuently 
or striated, sliowing tliat 
OiC'Bido’iaust have slid against the 
other. .•'rhe''waU above a lode is 
called the hmg^ing wally A L; the 
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Fjg. fi —Miaeral veju showing, 
‘gouge’ and ‘ horses.* 
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one'underneath, the imV, (IT). The rock sarrounding and 
enclueing the lodd is calleik the nuudrij, K E. 

It is not unusual to iiud a layer of clay, ELl, hetwi;ini the lode 
and the enclosing nooks: such a layer is called a selraiie, liiij or 
gouije. A large mass of the adjacent rook found enclosed in the 
lode is called a hnrse, U 11. 

The valuelos,s components of .'^liKle which suivonnd the ore are 
often spoken of as the KeinsfuU" or mai.ri.r. ^ 

Veins arc of Ices uniform ^;ifiduetivene.ss than beds, and i»re 
rarely worth working throughout. Uiuh portions alternate wiih 
poor or worthless [lortinns. 

Experience shoas (hut many' condititius a.li'ec( the productive¬ 
ness of a mineral vein, and esjiecially intersections with other 
veins, or changes in the nature of the adjacent roek. Few facts 
are more generally recognised than this induenco of the enclosing 
rock upon the productiveness of a lode. A very markeil case has 
been noticed in tlie hydenlnirg districi of ihe rriusvaal, whore the 
veins are wortlilcs.s m greenstone and poor in dolomite; hut iu 
the sandstone they contain I to d oz. of gold per ton, and in 
the slate IU to .'"itI oz. In tlie^AlsIon Moor disinet, on tho other 
hand, tlie lead veins .are geneially more prodneiive in iiniestone 
than they are in s,nKlstono or shale. 


(3) Masses. 

hastly, we eoiiie to tlie non tabular deposit,s wliich .are gronpied 
under the In-ading •musses,’ TJie term is simply used for 
general couvonieiicc to denote deposits which arc neitherdieds nor 
veins. It brings together a very heterogeneous series of mineral 
deposits, such as huge liosses of granite and other igneous rooks 
from which we olilahi sipijjlios of Imildiiig stone and road metal, 
the diamond-bearing necks of old Tolcanooh in .South Africa, and 
■the irregular bodies of li.emalite. Here, too, are placed the so- 
called ‘stookworks,’he. portions of roek so interpenetrated by a 
network of small veins that the whole of the material lias to be 
excavated m order to extract the ore with proiit. v 

Rx.vMm.bs. 

As the same mineral may be found in a bed, a vein, or .a mass, 
tho simplest plan is to classify' the examples alphabetically. The 
mineral deposits to whicli I propose to refer arc:— ' . ■ 

Coal, copper ore, diamonds, iron ore, lead ore, nitrate of soda, 
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oil fthale, petroleum, pliospliatc of limo, salt, slate, sulphur, tin 
ore, Kino ore. 

Coal .—Solid fossil fuel occurs in strata of m(»st geological a;;es 
from tlje Viioceue down to the t'aibotjifcrous fucks, as shown by 
the accouifiaiiying table. 


KxAMI'LKS ok DKI’(».sn'.S .Ol'* DikKKUK^T (llSOf/XUCAL Aous 

New I5m^U •WoKKJ'.a 


CcdloqlcuJ A(i<\ 


J',Or((ldy. 


Torti.uy 


SocoD'lai V 


Pala 


^ Italy. 

: t lie N'nitlipiii ncnn.uiy. 

( lilofi'ju \\ Jisli.iijilf.it, U.S. A. 

I Oivtaccoii!-,. biil.iftli Oolmiilna, ibnu-ver. 

[ .lui iSutlMiluiiilsliiui. H«i>g.iiy, 'rojikiri.* 

f aiicl Nortli (Jdioliiiu, tbS.A., 

.SSI'-. Iiniia. (j>ii('i;iislninl, t ami |ku 1 s of 

t I N<'\v Smith Wal‘*H. 

rtniio tihis->ii;(K;u'Oi)bt!(K). Oaj'o ('olony, Niual. Transvaal. 
f kormo-carhmiilcroiis. 


to I 


{'.t.'il Ali'u-mns. 

j Millstone (iiit. 

! C.ulf'Jliil'lrUH i.imcsl'iin’. 

Cak'ilei'ouii Sand,stone. 


New South \Va)es. 

i Uni(((t Ivini'dinii, IJei^intu, Fiance, 
; <icima,iiy, IJohcmw, S|iaiu, 
( I'oniiflylvjinia. 

Nortfierii ihit.im. 


Tbc Tertiiiry d(‘}iosi(s arc ^(‘ticrally ligiiih* or hrowii coal; in all 
the other ca.S(‘s tlio ijiiucral worked is eiUici- true coal or aiitUracite. 

In this*couutry, and iu many others, it is especially in the t'oal 
Measures that the seams are most numerous, extensive and valu¬ 
able, In England the thickness of the seams worked varies from 
1 to 30 ft, thougfi the ‘I'en-yard’ .seam lias been known to attain 
a total uiickness of 39 ft», iiicludmg o ft. of jiiirt-iiigs. Even tbie 
amount is occasionally considerably excecdeil iu other countries. 
A seam of coal 180 ft. thick (55 m.) is htiing worked in France, 
and brown (joal beds iu Germany sometimes attain the enormous 
thickness of 300 to 330 ft. (90 to lOO m.). 

The seams of coal may consist of eh'au coal tiiroughoub, or may 
contain partings of shj.le (batt^ r/i/f, bifid, vteiab hlaes), sandstone 
“post), or iron pyrites, 'i’his last miiKTal is likewnso found 
in the form of thin sheds in the natural joints running across the 
seams. 

* tiiuirect, Len Prodiul'^ Gdimiaiix d'orviinc min&alc, Pans, 1903, p. 23. 

t Pittman, 2'he Mineral lUiou-rces »J*New Houth Walrs, [)p. 310 and 311. 
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I'Ta 7 —Map of the Uritish Doalfii'kls.* 




GoAt.Fim.tis. 

I, Sc«fccli co^inpldfl -r’liE*. riiioKinatumi., Cl.ido .MhHainl# conlfidds.—Stafford,- 

Btwrtn, AtVr, liunitnes, SutlicrlaiiU. iMhiaii,--. r Salop, laMcesU-r and Wai’Wjok. *' '' 

‘L Nurthern caaUleld.'->M()rthiniibcrltUj<l .irui I 0 Sniall detached oi>Hllla)dK.-^Uti:lfierland'PHd 
Durham. I WeBtiwurlaud, N Ridii^ V9i%Bi',^^hb8it>«r, 

S. Yorkshire, etc , «oalfield.• -. JiidinL; York* | Sdinoraot and Devon. 

, sliire, Derby and N'otts t 7 Js’ortb Wales coalttald—FlWt-ajid Denbljlfb..,, 

4. tancailiiro and . Clicshlra o.iallield.-Liin- j s Snutb Wales coalfield.--3?Bt»tii'<diA, 

cwluveaudChcshir*'. • . tlien,Ularaoi^n,Drec<maudl56ii!nout^<''“ , 

* C. Lo Neve Foster, Mines and tiifarries; General.&£p0H'a7ai,ilfaM4iiti'- 
/or_13^7, London, 1898, p. 3(il. ■ • 
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Hie principal Kritislt coalfiold's arc shdwn on tlic accompanying 
map. 

Cdppc.r .—The most inijiortant copper lainos of the world nowa¬ 
days are tlioso of Mansfdd in (imimny, l‘io Tiiiifo and Tharsis in 
Spain, San J')orj)in'j:o.s in Vorln^al, and Michigan. i\ri/i)na, and 
Montiuia in ti»e United Stares. 

The Maiisfcld district is speciallA^iuierestine,' iVnm ili<- fatd that 
the^ore is found in a 1)C<1 or sc.un of l\'nniian as^e. wlm-K l•,an he 
worly.*d with prtdii in spile of and coiiip;irativ<; poverty 

It Is a blaeki.sh. hitnmnions, niaiiy ^lialo, aliout lo to 18 in. 
thick. -The ore is nsually disseminated llirougit if in the form of 
fine particles wlneli nn])art a metallie ^differ to the surface 

of ci\tss-fraet(ires. Tho whole uf ihehcd ih (•o[fj)er-l)< arnio; ljut, 
as a rule, only tlie liothnu three or four mehes are rieli enough 
to be worked with profit. 

The fanmus mines of Uio Tinto, T]nu>is, and San j>omiim>os are 
contained in a groat iiKdalliferons Ixll of (^mmlry. i4(* miles long 
by 30 rnile.> wide, stretching across the [irovinee of JIueUa hi' 
Spain into I’ortngal. 'I’lii rocks consist of slate of (./[tper Devonian 
age, often aUcred lecalh into jasjier, tale selust, elhastolile schist, 
etc, with great, intrnsjons ofipi irtzand f<‘ls]iar-]'orpl)yri(‘s, diabase, 
quartz syenite, and gj-anite. Tlic strike of lln^ .'whiles is about 
15* to 25' north of wi ^t, imd Ihe dip is eitliei vertical (pi* at a high 
angle U) tJm north. 

The soiitli lode, lIi” one most largely wnaiglit hitherto, is 
sometimes as mncli as 450 ft. v\ide, and is known along the 
strike for a dislam'c of about a mile, or indeed for two miles if 
the San i^iomsio lode i.s eonsidered to be an extension of it to the 
west. Fig. 8 is a oros.s section of tlie soutli hide, at Kio Tinto. 

The ore consists of fine-grained eompact iron pyrites with 
about 1 to 32- per cent, of co])p(T; this metal exists in tlie form of 
copper pyrites mimitelv diKseminated througii tlie mass. 

The copper-bearing di.strict of Miebiean lies on a long ponin.sulfi, 
to 20 miles wide, with a norih-(‘a,sterly trend, which projects 
into Lake Superior. 

Tbfe tliodes*of (K'ciiri'Oiioe of the eoiM.er iiiav be cJassified as 
follows;— 

■Bods ■ ^ eo|i])cr-))i'arin" c-oiif'lonKT.'i.te ami sandstunc. 

’ 1-2. Coiipei-hcarinj; u'liygdahiid. 

, Vein& 

deposits of the first cl.ass are lieds of conglouiorato and 
sandstone' iaipregnated with native eupiier. In most cases the 
Onprffleroni beds are intorsootod •with diabase flows; but this 
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connection between tlio j>roYiniity of diabuse and the presence oT 
copper is not miivin’.sul.' 'I'lie copper occurs as the cementing 
nmterial of the peljbles and j'rains of sand, and also replaces the 
pebbles tliemselve^, large stones several incl)es or even a foot in 
diameter being oorvertud niUt tiie nativu metal. The copper has 
evidently been deposited from ^.qiieous solutious. I>y fur tUc 
greatest proportion of the Lak% Sujienor coppeV is obtained from 
these conglomerates. • ^ , 

The cupriferous amvgdalo^s are jiortioiis of old lava flows,.^nd 
arc not, strkaly spe;‘.kmg, beds as defined, though it is eouvenient 
to call them by that name. 

Often they are higlil) alieied and have h;st all sign of having 
once been vesicular; tlm native (mpjier whmh they contain must' 
liave found its way in long after tiu'ir eruption, it is u.sually 



FiO. b.—Cios.s SiK-tiOM, Smitli IjO'Ii Uio Tnite. 


Iinl«)X to lig. 8. 

(*J nfes. 

Sirilr w.-jlveil fWTT;"! 'I'.'i'tes. 
r' ' . jiwjn imtl^Viilt ! .iway. 

FpiTii'^iiioUH l)m ci.t juiil j;o7/,iii. 

very irregularly distriluited, and tlie jiarla rieli eiiou|h to be 
■worked may he surrounded by much poorer or barren rock, 
Tlio presence ol epidole and calcite is regarded as a g(K)d iudioa- 
tion for the proximity of copper. 

As the cupriferous lava beds aud eoiigloinpratcb are locally 
called ‘ veims, ’ it is necessary to say that the real veins run ip‘ a 
direction at right angles to the general trend of the beds, and arc 
almost vertical. Their usual width is from 1 to 3* ft., but it 
may become as mueli as 10, 'fO, and even .30 ft. They are 
largest and richest when they have amygdaloid or loose-textured’ 
diabase for their walls, and they boeome pinched up aud worth¬ 
less in the compact greenstone or sautistouo. To a great extent 
they consist of altered rock, aifU are an instance of lodes formed ■ 


cz 


5Pi>rlpli>i> 
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by replacement “of the ‘country.’ According to Irvin" these 
veins wore formed by copper-bc.arin" Solutions which found a 
path through zones of fissured rock, instead of following cerhain 
easily ponncable beds. ’I’ho cojiper is m tiie'iiativc slate, and 
generally in masses of considcralilu size, tlic langost found weigh¬ 
ing over 100 |,in,^. ‘ “ 

Arizona jiroducos large fimuititir#! of the oxidised ores of Conner 
especially mah.cliite and azurite, which occur in irregular masses 
wli^'e 1 iilmozoic. hmeatoues and s%l<-R arc in contact with in¬ 
trusions oi pori.hyry of iatc Cretaceous or .early Tertiary age. 
Cl),alco|i\rite which has escaped decay sin,ns whence the oxidised 
ores liH\e hoeu clorivt'd. 

Tlic dejxisits of the llulte district., .Montana, are east and west 



fiG. SI.— Section aciMs lie liners diamoiiil mine, Kimberley. 


lodes in granite, usually diiijiing to the south. The main lode 
which supfiorts the celebrated Anaconda and Parrott mines has 
proved prodOctivq for a distance of three miles along the strike. 

Diamc^s. Kimlierley is by far the most important diamond 
aistnot in the world, 'fbe masses of diamond-bearing rocks may 
be described a.s Imge vortical ct.iumns of round, oval, or kidney- 
shaped section, as shown by fig. 9 . The uiiweathercd diamond- 
bearing rock, louully knuwu as ground/ or ‘bluo' is a 

breccia, consisting of fragments of. shale, basalt, diorite,’ and a 
httte sandstone, cemented together by olivine rock containing 
ciiamonde and other minerals The surrounding rocks, locally 
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Cftllcd ‘roof,’ arc beds of carlxmai^coiis and pyrit*iferous sbak fying 
liorkoiitally, and sIh'i Is of li.tsall and ntoJapliyrc, under which 
comuH (jnarizite. The ijicb(])h\le is a laud auiy^daloidal r»}ck, 
which 1ms })e('u cMled (divina diab.tM'. Laige (Irtaolu’d masses of 
the sunxnindin^^ ^'ock.s iu’c soundinics iiicliulcd in tin; ‘bine/ and 
ore then known us 'ilnatinii ic’eel'.’ I'ho upper ])arts of the 
deposits have been d(.f‘oni])if.(“d ])y ulniosplionc aueiicic'', and 
chan,i:;ed inbj a soft itiublc earl,h (.‘» a dnjjni v.irviiu frotn •15 tC 60 
ft, and the cidonr a yolloiv, instead i-f the sl.H v blue of tlft^iin- 
W'eathered ror*k. 'L'lie sniTuniidin” rocks l»a\e naturally shared in 
this weatherin';. 

The duunond beai in”' ro(“k a))peiirs to !♦<' tie* filling; up of the 
necks or tfiroats of olil voKmiiocs by a nitid which has couie up 
from l)oloAV. 

In ad<Utioii to diamor.ds found in a soliil matrix, there are those 
from the A'aal rita-r ili^''gmifs, Ib'anionds arc .ilso found in alluvial 
Ijravel and in conchuuorates m l>ra:'.i!, Ilrilisli (lojaiia, India, and 
other loi-alilic'S. 

(folf/ is so widely distrdmtcd over the earth tfiai it will be 
iuipoKsibh; to couiju'css into the sjiaee at my di^p(rsal anything 
moie than n \cry brief summary of the principal modes of 
ocemrence in bods, veins, and niasses. 

Mo.st of the gold ni the Transvaal i.s obiauicd frcuri bods of con¬ 
glomerate or pudding stone called 'UntL'i.' The layers of this 
conglomewto lie conformable among beds of vsaiidstone, shale, 
clay, and quartzite. At .TohaiuH-sburg the beds strike cast an4 
west and dip to the south Thi' eonglomer.il*' cousins nuainly of 
pebbles of white quartz, and in the upper part of tlih workings 
they arc cemented together by oxides of iron, sand, and clay. 
Below the innuem-o of atmosjihcrie agencies, the cementing 
material is found to consist largely of silvoiy grey ^licaceous 
matter willi cubical crystals of inm jiywtes, and the colour of tfie 
banket changes from red and brown lo blue and bluish grey. It 
is quite evident that much of the fcrriigdiious matter in the upper 
part of the conglomerate is derivi'd from the ilecpmpoaitioa of. 
iron pyrites, and visiidc gold is soon in the •cavities forinMy 
occupied by (Tystals of that inim'i-al. TJie bulk of the gold, b 
said to exist iii the cement and not in the*pebbles. , ‘ , 

Fig. 10* is a section acia'ss part of the Jainglaagte Estate (East)' 
ftt Johannesluirg, and shows four beds of auriforous.congjoniertt$6 
kaown respectively as the iSorth Beef, Main Ileef, tlie Siam 
Leader, and the South Jveef. 

Corded in part fivui Hatch und (5lialmpr8’ Goll Mines <ifth^ 
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Aiirjferons • vein.s 
usually consist in gi-eat 
part of tjuartz. and con¬ 
tain in addiiion iron 
pyrites, or some other 
l)e.yy 

iTittultic sill- 
phido, siKili ;is pijonji, 
Idende, copper 
pjritos, magnetii; 
pyritoij, Plibiiite or oi'is 

plL'kcI. '1 1]0 ipj 

pHiicijiallj in Hio mo- 
talJie (‘veij when 

euvei(>j)0(.J in pyiiU's, 
whicli ia bo frei|iif‘ii(lv 
tho ease ; t»nt it o(;cMirs 
also in (.'oinbination 
witli ielluriniji. 

The ^oifi Toina, ur 

rnefa/ni VH-toriaarc 

found in tiio I'jiper and 
p™-cr Silnririn rocks. 
TIh‘ gold is especially 
‘Associated witli iron 
pyrites; when tliis de- 
^ composes a eellular 
honeyoomhed ipiart/ i,s 
left bchimd, imd tlie 
gold is iiniiiaskod aiu] 
becomes visible in the 
little rusty cavities. 

The, feeuliarities of 
so-called‘saddle roofs ’ 

of the Sfindhiirst or 
, Sondigo goldfield, Vic¬ 
toria, which •di/l'er con- 
sidei’ably fr<,)m typical 
Veina,^havc been vorv 
dearly , exhlained by 
Hr T. A. Hickard. * 

Bendigo Gold- 

a89i). ^ 

0 


U 




.J6 niE ELEMENTS OF MINING AND QUARRYING. 

Comitipj to ‘masHos.^ Uio <rveat IVoadwrli luhio situated ou 
Dougins Island, Alnsloi, ('nvns ils e.\istfiice 1o a mass of auriferous 
altered granite, 100 fl- wide and of conside.table lengtii. 

At Mount MoiVati. near iioelihampton, in (jiieensland, the 
auriforou.s deiuisiWat 1 lie surface was a mass of lini«n liieniatite, 
sometimes stalaetitic and etmt.aiying a little .silica, wdiicii passed 
gradually into a ferruginous siteeous sinter, '['lie gold exists in 
great purity in .1 .stale (if iimiute suLdiA'ision, and the m^tal 
extracted is of eKtieme. jmr^f.}, for it eoiilains 1)9 7 of gold, the 
ro.st being eopjier, g. tniee. of iron, and 11 minute tr.ace of silver. 
These oxidised ores were replaeed liy niundic ores followed by 
.low-grade auriferous cojiper ores in deptli, 

Irim. IS very largely distributed over l.lie glolie. and atforda 
instances of many mode.s of oeeurreiioe, though veins of iron 
ore are ipiito oversliadowcd, as sources of tlie metal, by' the 
yield of beds, and especially (bose of .Innassie, ago. 

The most, productive Kmopeaii deposils ai the present time 
are; the bed of iron ore in Die Cleveland dislriet, the masses 
of red hii'inatite in 1'aimiierlaiid and Norih biincasliiro, the 
bed.s of brown luematite in Herman and French Lorraine and 
Ituxomluirg. and tlie bods of rod and brown hieiuatite and 
spatliose ore near llilbao. m IS'orllieni S)ialn. 

Tlio bed of iroiiai.one worhed in the rieveland district is 
found in the Middle Lias, It is about 10 ft. Ibich, and most 
of the iron exists in the state of carbonate : mncli of the ore 
Is (Kilitic in structure. Tlie main seam practically fiiiliiishcR 
all the Cleveland ore. It. ])njhahly extends over an area of 
350 square miles, ihoiigh it c.aiinot be prohlahly wurked over 
anytliing like tbc whole of the dislriet. 

The great iron field fiom ndiieli France and Germany are 
obtaining their ]irincipal su]i|ilies of ore extends over parts of the 
Gnaiid 1 fnoliy I'f Luxemburg, Germ.an Loyraine, and the D^sirtment 
of Meiirtlio-et-Moscllc, and lias an are.a of nearly 400 square miles. 
The iron-bearing strata belong to tlic Lower Dogger or Brown 
Jura (Inferior t.lolite), and consist of scams of oolitic iron ore. 
intorstratillcd with hods of limestone, marly lynesttme, marl and 
_aandy clay. The iron exists mainly in the form of hydrated oxide. 
It is estimated lh.at tlie field contains 5000 million tons of ore *; 
tlte total annual output is about; 18 millioTi tons. 

One of the great iron districts of the United States is Marquette 
County in Micliigan. The peculiarities of its iron ore deposits 

* Villain, “Li* r,is(-ineiit du Minemi do fer oolithique de la Lorrahae,” 
Ann, Uztus, Dixiinie Sirie, vol. 1 ., Vaiis, 1902, p. 117. 
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Bfcone,, which is the upper decomposed part of » mass of Jiahase 
(greenstone); in tlie last the ore reposes upon slate. 

Three peculiarities of the ore bodies arc specially emphasised ■ 
■by Van lliae: (1) The ore occurs m troughs; (2) the floor of the 
trough consists o(,an impervious, or relatively impervious rock ; (3) 
the trough is inclined, or has a ‘pitidi,’ lie thinks that the 
whole of the iron-hearing roeijs were once poor clierty carbonate ■ 
of iron of sedimeni'ary origin; these heels wore subsequently 
converted into lupinatito hyp.vatery solntioiia, which carried away 
the silica and deposited iron oxide. The path of the downviard- 
moving waters, ami consequently the extent of the ore-bodies, was 
greatly determined by the impervious nature of the rock.s now 
forming the floor of the deposits. 

head.—Though load ore is mainly wrought from veins, large sup¬ 
plies have been obtained from a bed. The lead-bearing sandstone 
at .Mechornich, in Klieiiish Prussia, is of Triassic ago and is on 
an average nearly 100 ft. thick. It rests upon and is covered 
by conglomerate, and is often split up into two or more bods by a 
thick parting of conglomerate. The ore occurs in the form of 
little concretions of galena, and grains of quarts, hut those are Hot 
uniformly distribuled through the sandstone. 

NHrat'' uf —The existence of licds of nitrate of soda 

(cubic nitre) in the rainless 


__ _regions on I,he West Coast of 

^ '.p^ T ■ - South America had been 

e -c" • • noticed for many years; but . 

^ : it was not until this mineral 

was found to bo„a valuable 
j fertiliser that steps were taken 

^ Iti'tge scale. 
Tlicraw nitrate of soda(('irftc/ie) 
is found in beds fro>n 6 in. to. 
\ 12 ft. thick, beneath a oofer-' 

Fig, 14.-Nit,ato of so,la lieds, Oliili. '"f? conglomerate froip 

,, - , . VI . 1 1 to 10 ft. tluck, as shown m' 

a; soft earth; 6, oaliehe ; c,,.eoiigloni* r ia , • . 

orate; d, saiul ; e, charge, of gnu- . 

jiowdcr ; /, tamping ; t/, safety fuse. Peirolpum, — Mineral Oil W 

found ill luuny parte -of th« 

world. The great wells near Rdui* on vhc Caspian are bor^ 
rocks of Lower Miocene ago consisting of sand, calcareous'^layk;. 
marls, and <*.ompact sandstone. Fig. ID shows a soqtion af ;^e 
wells on the crown of a low anticlinal. The pfitroleuin 

^ Konchin, “ Gisements de uaphtc do Bakou,” 

'Congria Q^ologiqw. hiknuxlUmal^ St Poteraburg, 1S97. 
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■|ij certain beds band wiiich likewise eonl-ain suit water and 
carburetted hydrogen gas. 

The’ pressure of the ^as may amount to ‘100 lbs. per square 
in eh. • 

At some of the wells it is necessary to extract Uic petroleum by 
machinery, but at others it rises paturally, and occasioii/illy witli 
great force and in immense quantities (fig. 16). In fuel, 'ragietfs 
spouter in 18K() actually threw up, on the cigfMi day after oil had 
been struck, the immense quantity ol^l 1,000 tons, or 2J millions 
of gallons, in twenty-fonr hours. The flow thqn (liminisbed and 



Aralo-Oaspian [ Uitiizowofwat'ir- 
limestone. I Leaving sliu]e.s 
1 variously coloured, 
I covering the oil- 
, tearing horizon, 
I which containj} in 
1 places petroleum 
j w i t li 8 p e c i h c 
gravity of '820 to 
I -840. 


Productive hon- Hoi i/oiiof vvater- 
zon containing an i Lpariiig sand and 
abundance (d j olayunderlvmi’the 
petroleum witli I jnoductivehoiizou, 
specific gravit) of; ami coulatiiing 
i *805 to 'STfi- ; jietroleum with 
j i .spcciCie gravity of 

j -885 to -1)20. 


Fig. 15.—Section acros.*! oil district ncai Hakii, 


got under dontrql by the engineers, and reduced to u ipiarter 
of a million gallons a day. 

-The strata which yield oil in Pennsylvania and New York 
bebag to th^* Devonian ^nd Cavbbniforous periods. They are 
.b^d^ bf^a^tid and sandstone, sometimes coarse-grained, and may 
yield gas us well as oil. In Ohio, the two chief sources of oil arc 
the Xceaton Limestone (Lower Silurian) and the Berea Grit near 
the haw pf'the Carboniferous rocks. 

Ptu^jihaie iivne.—Deposits of phospdiate of lime are found in 







I'm. JO--SpoHlinguu W«il, iiakn, 

JiCprodnced by psruussion. from a phatoymph by ^fishon, of ;■ 

principal mines are in the'county of Ottawa, and the; 
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occurs luaiuly in p^Troxrnito, sonictimos as a contemporaneous bed 
and somotimes as a vein of posterior origin. Tlic beds are from 
1 ft. to 3 or 4 ft. tliicli, and tbo veins from n few inclios to 8 or 
10 ft. wide • 

Thoni;li tlie ]>liospl»aU‘ do]iosits of ']»c<1fonlsljii<*, Uncliinghani- 
sbin‘, and (’ainln-idgoshire are )it|le woriu'd rii tlic ]>rosent time, 
the Cretaceous rocks iiave of lute yc^rs yicldcll jduinclant snpjilies 
in loanee. In the mining distne^ of Arn^ <le[»owits of phos¬ 
phate of lime are worked in U»ree liori^.)n.s ; (]) At the hase tif tlie 
(iautt, ni the form of a l>c<l of nodules, generally about 2 in. 
thick, and sonxetiincs as much :is h in. thick; (2) above the 
Gault, in the form of a bed of nodules 0 in. to 3 ft. 3 in. 
thick ; (3) in l.lte state of sand, in nioie or less regular 
fiinncl-ahaped pockets, in the upjier beds of the tlialk. This 
sandy jihospliate is eovered by a bed of clay with flints, above 
which comes brick eartli. 

The famon.s beds of South Candina, tiesides .satisfying to a 
great extent the wants of the 


T^nitfcd States, arc able to su])])ly 
largo (jiiantities of the fertiliser 
to olber countries. 'I'he minoial 
occurs in the form of nodules, from 
the size of a pea to tli.al of a nian's 
head, in a bed from a few iTichcs 
to 2^ ft. thick, tlio a\er.»ge thick¬ 
ness being 7 to 1) im (lig. 17). 
With the nodules are found bones 





n ijrecT 
-j—j 

t hiernu 


of fish, and esperiallv teeth of „ ‘ „ ,‘V’, , t , 

^ 1 . 1 j iu " 'j I j. ii Fio. 17.—l.e .11 ofpno.si'li.'itK'uoniilc'!, 

of the horse and other JaiKlanini.als, . . .. u j 

■m, , I , . A, Ashlcv iiKtii (Kocciie): l>, bed 

I he depoBits are considored to l»c pi,„4i,atic ..odules; C. fcrrii- 
of Post'pliuceiie ago. giaous saud ; D, ciayey ..and. 

The phosphate of lime worked 

on Aruha and .Sombrero, in the We.st indies, and on Christmas 


Island, was originally a coi'al limestone. Its conversion into 
phosphate has been elleeted by the percolation of water con¬ 
taining pho.sphoric acid deri\od from the dung of sea-fowl. This 
intetesting fact is made very plain by the iinding of corals them- 
selyes changed into pliosjihate of. lime. 

Quicksilwr .—The principal <inie.ksilver producing mines at the 
present timh are Ahnadcn in Spain, Idria in Carniola, .and New 
Almad'en in California. 


* Penrdse, nj^atnre and Origin of Dejiw'it.s of Pliospliatu of Lime,*' BvU. 
2X.C ^egl. No. tA. Washington, tSfi.S, p. 60, 
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Mr. Ildfilior* hus Lroufilil together a va^t army of useful facts, 
ooucerniug tlir, ocoarienee of i|ui(iksilver in his valuable monograph, 
whicli may In* very briefly summed up as follows:—Oiimabar is' 
found in rocks' of all ages and of all descrijitions, viz., com 
glomerate, sandstone, yuartzitc, limestone, shale, slate, serpentine, 
crystalline schist, and basic jind acid volcanic rocks, but it 
exhibits a jirefei-ence for sandstone. The quicksilver deposits are 
found along hues (/. country marked by past or present volf-anio 
disturbances. Some ciinmV'ar has certainly been precipitated from 
hot solutions brought up by volcanic springs, and it seems likely 
that nia,uy of the (|uicksilvcr dojiosits have been tbvmed in this 
manner. 

The famous and productive Alumden mine is situated on the 
northern slope of the Sierra Morena, where the nicks coming up to 
the .suiface arc of Silurian and Devonian ago. These rocks arc 
beds of Riindstoue ami quartzite intenstratitied wHh slate .and a 
little lime.stone. The cinnabar ocenrs impregnating the sand¬ 
stone; the slate is rarely, if ever, qnicksilver-bcaring. There 
are throe jiriiicipal deposits extending for a distance of 200 to 
220 yards idong the strike ; the diji is almost vertical. The total 
useful thickness of the three beds is about 40 foot, and the 
mercurial rock yields on an average 10 per cent, of metal. 

At Idriii in I’aniiola, ciuuahar occurs in the Triassic rocks in 
three way.s: (1) Impregnating beds of sh.ale, conglomerate and 
dolomitic breccia ; (2) filling n[i cracks like ordinary lissiiro veins; 
(3) in iiregiil.ar veins across tlie mass, making a sloekwork. 

(S'li//,—Soa wafer,' salt lakes, brine springs and wells, saliferous 
marls, and rock s.alt arc the source.s of tliis very important mineral. 

The e.xtraction of salt from sea water is carried on in many 
conntru’s, wliero the heat of the sun is sufticieut to eva]iorato the 
water which has been led into shallow pools; and the industry 
is sometimes fostered by the traffic in salt being a (ilbvernment 
monopoly. 

Natural springs yielding brine are not uncommon, and wells aw 
dug or bored so as to reach a hrhie-hearing stratum. 

At Northwioli, in Cheshire, there are two mgin beds of rook salt' 
each from 84 to 1)0 ft. thick, separated ^ly a bed of hard msrl- 
30 to 33 ft. thick, .Ml these beds helonjj to the Keuper division' 
of the Triassic rooks. The quabtity of rock salt rained in England 
is siuiill, and amounts to only ono-tentli of the salt obtajhed'from':. 
brine; the latter is pumped from flooded mines, and from welft or . 
horodiolcs penetrating saliferous strata. 

• “ Geology of the Quicksilver I)ciio,sits of the Pacific Slope," Wenograf%f 
o/iAc E/'..S'. i7r(i?. .S'arrai/, vol. xiii., Washington, 1888, p, 7. ' 
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Silv6T .—All galena oarrios some silver, and iu very many cases 
there is enough to make the extraction profitiiWe. (lopper ores 
also are frequently argentiferous; the silver in tlie Mansfold cupri¬ 
ferous shale has already hecn mentioned, and tins ores of ttie Butte 
district, Montana, are oiten rich iu the preciouj iue(-ah Among 
well-known silver mines may he mentioned those of Uio sreat 
Comstock lode in Nevada, Ilnancha*-a in Bolivia, and Brokcirilill 
in New Hoiitli 'Wales. • 

'llie Comstock lode, usually front, 20 to 60 ft. thick, and as 
mucli as several hundreil feet thick in some places, consi.sts in Ihe 
main of crushed and decotnposed portiunsof the ‘country,' together 
with clay and quartz. The silver is found native and in the form 
of silver glance, 2 )olyhaHite, stephanite, and occasionally pyrargyrite; 
other minerals in tlie vein are quartz, iron 2 )yrites, copjjcr iiyrites, 
besides oxides of iron and manganese, snl|ihatcs of calcium and 
magnesium, and carbonates of magnesiiiin, calcium, lead and copper. 
The ore bodies arc soft and irregular. 

The mines of Huanchaca are situated near the town of that name 
ill the dejiartment of Potosi, in Bolivia, at a great altitude, for the 
entrance of the San Leon adit is 16,500 ft. above the level of the 
sea. '1 he silver lodes occur in a soft decomposed trachyte ; the 
actual silver hearing mineral is fahlerz, containing about 10 per 
cent, of the jirecious metal. j\t the famous Potosi mine also, the 
silver occurs in a fahlerz. 

The mines at Broken Hill have been remarkable for their 
enormous output of silver and lead during tlie last few j'ears. 
They arc situated in the Bilverton or Barrier Ranges district Of 
New South Wales, near tlie western hoimdary of Ihe colony. The 
dejxisit is generally spoken of as a vein or lode ; the geological 
Survey consider it to be a saddle lode, and others have described 
it as a zone of metasoinatie replacement. 

(Safe.-?-About two-thirds of the Welsh slate are got from beds of 
Cambrian age in (Carnarvonshire, and one-third from beds in the 
Lower Silurian rocks in Mcrionetlishire. The quarries in the 
former county are mostly open, whilst in the latter the local 
conditions have lerj to the adojitiou of true mining, e“])Ocially at 
Festiniog, which can boast of the most extensive undergrouiid 
workings for slate in tlie world. 

Owing to pocnliarities of textufe, duo apjiareutly to the fineness 
of tte sediment dejiosited ujion the sea bottom, certain beds or sets- 
of beds fitmish a slate which can be split into very smooth sheets, 
as '.thin as inch and even less. Any set of beds worked as a 
Whplc-K known locally as a ‘vein,’ but it docs not necessarily 
furttasb a saleable roofing materia? for its entire thickness. Fop 
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the fine {'rained slate may have LeJs of a coaraci' sodiiiient inter- 
stratified with it, wliieli eimso iiTefrulnntics in the planes of cleavage, 
and 80 give rise to mfenor products. Sonietnncb unprolitable rock 
is taken away alio'. o the good slate in order to reach a lirni layer, 
such as a lied of ^I’olcnnie ash, or a ‘ whin,stone ’ dyke, which can 
be trusted to stand as llie roof of_the umlergroniid ch.iinhers. 

The \ahie of a slale bed, oj' ‘vein,' tlepends greatly upon the 
number and nature of tlic natural joints by which it is intersected. 

If they are nnini'rons, the wnjtknigs will yield blocks too small^for 
making the larger and higher priced sizes of slates; if theyjire - 
rare, more erpense will he ineiirred in severing tlie material from 
its bed. I listurbanees of the strata, resulting in lissiires filled 



t'lC. 18 .—So ti'in o( the O.iklt'v lihuirrie.., l-'c.sl.niing.* 


Agb Ag'^, .Ag, Vi'leione aeglempnitcs: 1, .si.ite vein workeil at Wrysgan and 
New Quarry, Tti|th\v\.s; ‘g, new nr south vtdn ; a. ‘ old vein ’; I, 2A vein ; 
5, hade rein; t>. iiorili vein, AVI), 'wlnnstone' dykoe (diabase); P, 
{lorphyiite ; As, voleanic ash. 

either mechanically with clay anil broken slate, or chemically by 
the deposition of (jiiarlz, may rentier the ‘ vein’ utterly u'Orthless 
in jilaccs; but, as in tlie case of other bedded depo-sits, changes in 
productiveness are far less frtsqnont than w'ith loiles. 

Sulphur .—The industrial sources of sulphur are: (1) Depdsits 
of native sul|ihur, and (2) iron pyrites. 

Native sulphur occurs as a ]irodiict of volo.anfe emanations,, and 
in sedimentary deposits, liejiositnof thefomier kind are generally 
found at or near spt'iit vulcanic c-vatcre, the escape of suiphuretfced 
•hydrogen being one of their last signs of .activity. Sulphur has 
been worked on a small scale at the famous Solfatara of, Pozsuoli, 
near Naples, at Vulcano, one of the Lipiiri Islands,, and in 
volcanic regions in various parts of the world. 

• Miide by Jlr G. d. AA'illiauis, II,M. In.S[iector of Mines. 
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Seams or beds bf sulphur occur in Sicily', (’iilabria, the Romagna^ 
and other purls of Italy, and also in Croatia, Spain, and France. 
By far the most iuipurtant beds are those of Sicily. 

'J'he aocoinpanyiuit section (fig. ID) sho\v.s*a section of the 
country near t.’allagironc. 'I'lic letter u (leu'it<‘>> beds of clay 
(Tortoniau); li is tripoli (S.-muatiau); c is the lied of sulphur- 
bearing limestone; </, while iuarl»or maily foraiuinifciii, called 
‘tuubi’ in Sicily ; e, blue clay i^/', calnin^ius Tufa, The beds 
((, h, e arc considered to belong to If*' lipper ilioceui', whilst d is 
placed in the Lower Pliocene, and e aiidy in (,ho Upiier Pliocene. 

The sulphur-bearing bed varies from a hard while limestone 
to a grey marly limestone, and from this to a mar! ; llie sulphur 
itsiilf is always in the native state, forming little globules, lamina', 
or irregular louses, varying in thickness and evteiit. It is often 
cry.stallised, and a.ssuci,ited with it are eelesUuc, gypsum, calcite 
and aragonite; in the elayoy beds there is also bitumen, which 
IS objcctioiialilc, as if gives a, (lai'k colour to the product obtained 
by liquation. 

'J’he thickness of the sulphur scams varies within very wide 
limits. Beds of ^tl ft. thick are. comiiion, and at Leicara l.lie 



Fic It'. Siilpliiii sriim, leaf t’i'ltagiioii", .Su'il.y.* 


stratum reaches the enoruious thickness of IGtft. Frerpieutly 
there are two or three licils; at the great .Somauliiio miiiu, for 
instauee, the deposit is 100 to 115 ft. thick, divided into six 
sepaiate* seams, from H to il5 ft. each, by partings of liarreii 
rook. 

.The yield of sulpliur rock may he taken on an average at al'imt 
22 per cent., though larasioual rich seams give as much as 45 
per cent. 

'The Sicilian deposits ai-e considered to liaro liecii formed by 
ohcinical precipitation from aqiieoiis solutions in lakes. 

After tife de.scriiitioi^or the deposits of cupreous [lyrites at Rio 
Tinto, it is quite uuiiocessary to say anything more about such 
sources oEsiilplmr. 

Tin .—Tin ore is obtained from veins, liods, and a variety of 
irregular deposits. 

* Raldacci. JOescrizioTte yeologica drlV %ola, (tc h‘icUm, Rome, 1886, p. 2&6. 
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In Coniwiill many of the veins in j;r:aiile*aro due to the 
alteration ol the rook in the ncijilihourhood of fissures, as has 
already been ox[daincd (fij'. 4). Tlie so-called carh/mas of the 
Stives disirici arf essentially masses of stanniferous schorl rook, 
very irj’e<;ular iu.sha|)n and connected with a main lode hy a 
cross jonit. or fissure. Tliey scoin.to be altered granite. 

Beds containing tin ore in tie form of rolled jiebbles and sand 
occur with the allulial depoijits of existing valleys in masiy 
oountrie..s. 'I'ho principal O'ruiah ‘stream works’ have J<j'ig 
Wn cxhansteil, tlunigh as lately as 1873 tin ore was raised from 
abed under Kestronguet Creek, a branch of Falmouth harbour; 
but similar alluvial beds in the Malay I’cninsula are yielding 
more than half the world’s supply of the metal. New South 
Wales i.s remarkable, not only for its recent stanniferous alluvia, 
but also for much older deposits, which, like the ancient gold 
gravels, have been preserved under a covering of basalt. 

Zmc .—Zinc ore is found in veins, beds, and irregular masses. 
Ltidericb mine, situated near Bensberg on the right bank of the 
Ilbinc, not very far from Cologne, derives large quantities of 
blende from a huge vein in the Devonian rocks. It may behest 
described as a zone or bolt of broken or disturbed rock, 130 to 
164 ft. (40 to ,'■>0 metres) wide, containing ore in irregular veins 
or masses. The ore bodies arc usually lenticular in shape, dying 
out gradually in every direction; they sometimas consist of 
solid hlende for a width of sovoral yards. The minerals found in 
the lode are ; blende, galena, copper pyrites, fablerz, quartz, and, 
rarely, cbalybitc. The fablerz is silver-bearing, and the blende 
always contains cadmium, and occasionally gallium. 

Diciicnlmchen mine, near StoHierg, in Prussia, is iuterosting 
.not only on account of being a large producer of zinc ore, but also 
because some of it is derived from a great stock work, a form of- 
deposit Ics.s common with zinc than with tin. The stockworX 
consists of an oval mass of limestone full of little veims of blende ; 
it is about 130 yards (120 metres) long from east to west, and 60: 
yards iutusr from north to south. ) 


(6) Faults. 

All kinds of deposits are subject not only to irregularities 
dependent upon their mode of formation, such as gradual 
thinning out or thickening, but to othora- which have taksu 
place subsequently. Sometimes a bed, such as AB, has iad.tj. 
portion denuded by a ctirrciil during the general. .pe^pd ^ 
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deposition. an oct-urmicc is culled a ‘wmli-ont^ or ‘dumb 

fanit’ (li^. 20). 

In addition to irrcgailarities of this kind, deposits sutler from 
the distarhiinces whu-li Jiavc'Uikon place in th^ voeK nmssi's ^vhicli 
contain thoin. undnhil idiih of tliu strata are common, and 

when the ilistinhance lias heiai .iirealer, tlio hods arc hent into 
arches and trom>hsj or (VtfirJina'^^ and i^ijn-'Uiiah. Furtlior, the 
l?jk*ral pressure may have heen suflioieiit t'teau''C great crumpling 
and contortion, and, in places, to divert tlie order of succession. 
When beds are much bent, there is oftiui^a thickening in tlic 
anticlin.ils and synclinals, and a cori-espondiiig thinning in the 
connecting limbs. 

A series of iicds may be so folded as to produce a mass of 
crumph'd and contortisl str/ita very unlike the original shectdike 
scams. 

The disturbances of the rocks may hnally cause rents accom- 



Flo. 20.—"Wasli-dut ‘ tiiiU,’ or 
‘dumb fault.’ 



Fio 21.—Vcitical ficctioi). 
TliriAv of a lauit. 


panied by di.splaccmenis, wbioh are caJlcd faults^ heaf>f:Sy throws^ 
or did(%. 

Tlie throw of a fault is measured by the amount of w-rtical dis-’ 
placement. If X Y is a Fault shifting a bgd A J> (fig. U)), draw 
15E vertical and OF at right angles to HR Then HF is the 
vertical downthrjiw, CIF represents the liorizontal di.splaccmenfcj 
and BC the sliiit along the line of dip. 

The study of faults is imjiortant, because the miner working the 
bedAB^fig. 21), wanla" to know, after rcacliing the fault XY; 
wkiere to find the contiuuatioa of the deposit. , Tlic rule is to 
follow the greater angle. The angle A li Y i.s greater than the 
angle-A BX, and the missing part may he expected somewhere' 
fttong.thc line B Y. If tho miner were working from D to C, the 
sa^e rule would apply, for the aifgle D C X is greater than 1) C V.’ 
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■ This rule gives tlic direction of the throw, but affords no iudica- 
tibn as to its amount, wliicli may \,ary considerably. If tlie hods 
are distinctly marked by hUmlogieal peculiarities or by fo,ssils, the 
minor can oiitain med'nl information liy driving through the fault 
into tile rc'cks on tlvt; other side .'ind endeavouring to strike some 
wcll-delined liorizoii. 

The throw of a fault is not nlw.iys the .same ; it varies along 
the strike, and limilly 'tics away altoerlher. , 

Near a fault a Ix'd is found ^ifteu to dip more steeply, as if H 
had been benl. before,it broke. 

The rule that a portion of the hanging w;dl .side has shifted 
downwards along 1h<; dip of the fault is not without exceptions, 
espcci.ally in localities where locks are inneh bent and folded. 
Kig. 22 shows a reversed or overlap fault. 



As mineral veins have been formed in regions where rocks have 
been broken and dislocated, it is oidy natural to expert that they 
also should bo alieeted by movomoiits and shiftings of the'earth’s 
crust. 

Owing to the fact that veins are usually Idghly inclined and 
that there is often inneh diflicnlty in deciding how the dislocated 
portions of the rocks titled logcUier licforo they jvere shifted, the 
vein miner speaks of faults in different terms to the bed miner. 
■Instead of talking of douuthnni'K and vpiliiincs, ho looks at tile 
apparent shift sideways and culls it a heaw-. 

. The subject of tlio heaves of lodes and beds has been elucidated 
by Schmidt,* Zimniermamgt and otliors. 

. * Theon'^ (ii^r Feysclriilm?Kf alfenr Ganf/f Frankfort, bSlO. 

t Wiytlfi'auyi-iGitun'j i-yi myrfi'iU'p Gmiffr, Lawy'urtd Fliiti. Dai‘m.ffadt 
■Bid Leipsic, 1828. 
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ZimmcrmaiUf*.? rule for tiie lost part of a vein oti the' 

other side of a fault is as follows ; ■ 

Lay down u})on paper the lino of strike of the fault (nws- 
eownsv), and by eonstructiou asoertain the horvontal prcjjection of 
the line of their intersection ; from the point where the cross- 
course was struck by the lode, draw a hue »at right angles to the 
former and directed to its opposite wall. Notice on which side of 
the line of intersection this pcrpenilicularialls, and, after cutting 
through the cross-course, seek t-htJieaved part of llie lode on that 
^de. * 

Thus let A B (fig. 23) re.jjrcsenl, at some given depth, the line 
of strike of a fault or cioss-course dij)[iing east, and CD the lino 
of strike of a lode dipping south, and we w'ili sup])osc that in 
driving from 0 to I), in a westerly direction, the fauH has hoen 
met with at D. Knowing the dip of the lode an<l that of the 
fault, it is easy to lay dowm, on any given scale, A'If and C'O', 
the lines of strike of the fault and lode respectively, at a certain 
depth, say at leu fathoms, below A B. The j)oint If', where A'If 
and(f f>’meet, is one point of the lino of interscctiun. Join i) and 
D ' and prolong on each side, The lino M N represents the horizcaital 
projection of the lino of luteiscction of the two planes. At D 
erect 1)K at right angles to A B, and directed towards the 
oj'posite wall of tin; faiili. As I) E falls south of M N, the miner, 
after cutting througii the fa\dt, would drive in a southerly 
direction, and eventually strike the lode again at E. It will be 
at once understood that if the itimcr wawe following the lode from 
0 to E, the pcr[>cudicular wfuild lie to the north of tlio line of 
intersection, and following the rule he woidd drive in that 
direction, after cutting througii the f.ailt. 

When several faults dislocate lodes one after another, very 
great convplications may aii^e. 



CHAPTEK II. 

DISCOVEEY, 

Pages niiglil be written abnnt valn.able mineral discoveries wliicli 
li.avc come abimt by imro chance; and one need only look back 
upon the last half eeutnry to be convinced that these accidents 
have had a ]ioncrful eHect upon the fate of nations. The linding 
of gold by Sutler brought a jiopnlaliou to California which 
speedily discoioreil that the precious inetiil was not the only 
treasure obtainable from its soil; (he peopling of the West 
nn(|iiestionahly hastened tlie spread of civilisation across the 
whole continent, and in so doing very lai'gely conduced to the 
prosperity and stability of the b'liited States. 

What would Australia he at the presi'iit day if the discoveric.s 
in the early fifties had not led to iiiriishcs of eager gold-seekers'1 
The same may be said of South Africa, and it is curious to 
sjieculale upon the far-reaching effects of tlie chance discovery 
of a diamond by an igiioraiil boy on the hanks of tlie Vaal river 
and its recognition ly a trader, only thirty-,six years ago. 
If the riches of the Kiiiihorley treasure vaults had not attracted 
miners to South Africa, wc might have continued to wait decade 
after decade before the mineral wealth of the Transvaal would 
have become known to its jiastoral inhahitnnts. and bef#re any 
' thought would have arisen of connecting the Cape with Cairo 
by rail. In a word, the rapid growth of onr empire and of other 
countrios has unquestionably been due in many oase.9 to chance 
discoveries of mineral. 

If chance has done so much, it may lx; fairly assumed that 
properly directed efforts, aided by all the resources of science,- 
can surely do more; aud it therefore bdlioves the sttidont to 
■ihake himself acquainted witli the signs of mineral deposits 
often seen at the surface aud with methods of discovery ■ 
practised by those pioneers of civilisation known as ‘prospector’. 

. The indications which guide the prospector are precisely those 
Upon which the geological survej’or depends in making his roap^ 
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viz., form of the,ground, colour, nature of decomposed outcrop, 
ordinary springs, mineral springs, special plants and alters 
vegetation, burrows of animals, old workings, slag heaps, and 
old records. 

If the mineral deposit is harder or softer than the surrounding 
rocks, it will affect the manner in which the surface is sculptured 
by atmospheric agencies. Hard rooks will ho left pinjccting,, 
soft ones will be cut into hollows, o.spec';i.lly if they arc im- 
pcrineable. The outcrop of a hiird bed will he denoted by a 
steep face or oscarpiiiont, and ui5’ielding mineral veins will 
project above the surface lu the form of latgo crags (fig. 24)., 

In most parts of our country those outcrops have been worked 
away and are no longer ap|iarcnt; hut lodc-ijuartz blanched 
by weathering may often he seen standing up several foot above 
the surface on the IVclsh hills, and the run of some lodes may 
bo traced for a long distance by a succession of those outorojis. 
Fig. 20 roprc.senfcs a huge outcroj) of massive hajmatite in 
Brazil, known as the I’ico d’ltabira do Caiiijio. 'fhe haimatito is 
exceedingly hard and has resisted eiusion hotter than the 
enclosing rocks. 

Deposits of soft substances like clay, or veins com])osed of 
yielding minerals, ofi'er less resistance to rain, flood and fro.st, 
arc more deeply cut into than the surrounding rooks, and have 
their prosonoo indicated by depressions. The searchers for 
china clay in Cornwall arc guided by signs of this nature. 

Colour is an important factor in the discovery of mineral 
deposits. Sometimes the valuable mineral has a distinct hue. 
A bed of coal may he marked by blackened earth at the surface, ’ 
copper minerals give rise to green, blue and red stains, which 
catch the attention very quickly. The common ores of iron 
arc red, brown, or yellow or black; mangaueso ores are often 
black; l«vl ore furnishes a green, .a yellow, or a white coating; 
cobalt a pink one, whilst cinnabar is the natural vermilion. 
Coloured minerals are often used a.s pigments by savages, and 
in this way may be brought to the notice of explorers. 

A mineral deposit near the surface is frequently so altered 
by atmospheric ilgenoics that it bears but little rescmhlauoe' 
to the undeoomposed bod or vein which will eventually be met 
with at a‘greater deptn. A hod of hard shale will crop out at 
this surface as a soft clay ; hut the most oohimon cases of change 
are. furnished by the conversion of sulphides into oxides or 
oxidised compounds, and the removal of some of the material 
In the form of a soluble sulphate. Thus iron pyrites, which 
is Butdi a frtiqueut constituent of mineral veins, is converted 




^XO. 24.—Projecting outcrop of Vigre Lode, near Dolgelly, North Walea 
From a pholo^aph hy Mr (?. J. WUliams^ H-. M. Inspedcr &f 
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I'lo. 2f>.—Pfo (l llfibii'a Uo Cauipo, lliiias (Jeiciei-, llrazil.* 

TIic main body of oro is of massive liamiatito, the slopes bring cuveied with 
rubble and some coiigloiiieiate ore. Iblwceii tlie crosses is aliout 50 
metres. 

* H. K. Scott, “The Iron Ou*s of lliazil,’’ Journal of Iron and ^iicel 
ImlitiiU, vol ixi , 1902, p. 210. 
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into hydrated oxide of iron, and a lode, originally consisting 
of iron jiyrites and quartz, becomes a honeycombed brown and 
yellow rock, the removal of the iron pyrites in the form of a 
soluble sulpliatot. leaving cavities which are only partly filled 
up by oxide. Ttie ferruginous .solutions will stain and discolour 
the adjacent rock as they flow away. 

The ferruginous outcro]) oj mineral veins has been noticed in 
all mining countries’. In Cornwall it is called (jazzan, and.this 
term has been carried by tjfe*ubiquitous Cornish miner to other 
English-speaking countries. * 

'I'he nature of a gozzan varies according to the composition of 
the vein from which it is derived. If the vein originally consisted 
very largely of iron pyrites, the gozzati will be mainly ochre and 
brown iron ore, often in botryoidal and stalactitic forms. If 
quartz was present also, a cellular, cindery, cavernous, ferruginous 
rock is the result of the. atmospheric weathering, 'the former 
pre.senec of copper sulphides will be denoted by the oxide.s, car- 
tiouates, phosphat.es and anseniates of the metal, and the same 
holds good wdth lead ; calamine points to the presence of blende. 

The depth to which the oxidising and leaching action proceeds 
is oc.ca.sionally only a few inches, but often several hundred feet. 
Sometimes there is a sharp line of demarcation, somctiinos a 
gradual passage, between the gozz,an and the undecomposed part 
of the vein. 

Imiiorvious bod.s, such as clay and shale, will bar the pass.agc 
of rain water as it percol.ites down from pervious beds above, and 
so eau.se the issue of springs. A line of these may mark the out¬ 
crop of a bed of clay on a hillside. 

.Mineral veins are often eharitiels for unilerground water, and 
may give signs of their existence, in an undnained country, by 
discharges at the surface. 

If the water of a spring contains marked quantities ol*salt or of 
other minerals, it may indicate the piesence of a workable deposit. 

Both plants and animals may be of service to the prospector. 
As different jdants require different nourishment, it is only natural 
to sujifKise that a change of soil causes a changp in the vegetation. 

Clays will retain water and naturally favour the growth of 
rushes and other moisture loving plants. 

The effect of salt in the rocks is especially marked, for there 
are many plants which I'ither flouri.sh hest when getting salt or 
cannot exist without it There are .also special plants which are 
regarded by prospectors as indications of phosphate of lime and of 
the ores of copper, le.ad and zinc. 

Though not indicated by ahy special jilant, the presence of a 
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fio. 26. Huge outcrop of gorzan containing copper ores, at Mount Constantine, Cloncarrr. QueenslanJ. 
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minoral deposit may soineLiincs he Kus]>eete(l fiftm an alteration in 
tile appearance of the tiecs or grass along its course, according as 
the deposit in ijuestiou exerts a fav(aira})le or unfavourable action 
on the soil. Many veins conlnin large (piantilies of iron ))yrites, 
which ])roduee.s plant poisoning sulpiiates as it decomposes Jt is 
miiy natural, therefore, to suppose tliat grass would grow less 
luxuriantly upon a wide pyriimis vein than upon adjacent slate, 
and that a detaded s^trcak of altxTed colour and growth woul,d be 
visible in the turf. *' 

Any burrowing^ animal may bring up small fragments of a 
deposit hidden beneath the .soil which otherwise would remain 
unnotici’d. (Ireen sand thrown up by a wombat led to the dis* 
coveiy of copper ore ni South Australia ; yellow earth in tlie 
bin row of a ‘ineeikat’ {trkncunion) was tlie indication which 
guided a prospector to a diamond ‘jiipc’near Kimberley. Ants, 
gophers, moles, etc., have all been the means of funiislung signs 
of mineral deposits. 

Tr.aces of old workings, such as pits, gashes in the hillsides, and 
rubbish heaps, often tell useful talcs (tig, -^7). When (he 
\\orkin<:>- were shallow, tin* miner jail down shafts iii close jiroxim- 
ity, and the line of a series of shatrs and lubbish heaps will give 
a fairly correct idea of the slrike of a lode. The rubbisli heaps 
Will show what was the ore worked, and witli what it was 
.associated. It often hajipeiis that mining refuse, ihrowui awiiy as 
worthless in the days when dressing appliances were crude and 
rough, will pay foi being woiked over again. Kven old rums may 
be useful Ill ijointiug indirectly to miues. Ih-ojdi; do not settle in 
a eountrv willioul a reason, and mining is sometimes their object. 
Fig. 2''^ illustrates a ease in point. 

Heaps of slag show that, smelting operations have lieeu carried 
on, and as carriage was ddhi-ult and expensive in old days, it may 
usually bo assumed that there are ancient workings in life vicinity. 

t )ld none plans, reports and deeils should be consulted when 
available ; and infonnation should be sought from oflieial geological 
surveys and mining records wdien they exist, as they do in this 
country. In Austr.ilia special maps arc prepared by the (govern¬ 
ment for the use of prosjieetors. 

A knowledge of geology may be of the utmost value in directing 
the searclicr to localities where he has .a reasonable prospect of 
success, or in teaching liirn where his ofTorts are sure to be 
fruitless. 

If a given geological horizon in a neiglibouring district or 
country has yielded some valuahlo Led of mineral, scientific 
knowledge will assist the woutd-be discoverer in ferreting out the 




llie di.sco\ory of the (WI Moasurea in Kent uiidor a thielt 
reasoning ’’‘'‘■"''f "f l.rill.ant geological 

* Alfoid, “GoM Mining in Kgyiit,” J',m. lust. M. M., vol, x., tSOl 2. p. a 
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same hoiizon at htjuiie, or it may euablu liiut to sav at oiicc that v 
money spent in prospecting would iiievita})ly be wasted. 


Fig. 27.—Ancient wovkings for gold p.t noliacli, Egypt. 
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We now come to the actual proces.tcs of seiircii. Tlie commonest 
is known as ‘.shoiulin;;, ’ imd it may he sini])li'mento(] hy ‘ireiieh- 



iiig.’ ‘I’robiug’ and ‘ husliiiii'' j^re valaahlo in certain ca.ses, 
and iinally the dipping needle is regularly used m searching for 
deposits of magnetic iron ore. 

* Alfovd, op. eit. 
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The presence of»a mineral deposit may,be inh'rrcd not only from 
a conspicuous outcrop, standiiif; out prominently above the ground, 
but also from fragments which have beeonio detached in the 
process of weathering, and which now lie abouir <in the surface or 
have been washed down the hillsides into the beds of brooks. 
Such loose fragments of veinstutf are known in Cornwall as 
‘ shoadstones,’ and the process of ^.racking the parent hale by 
tlreic means is called ‘shoading.’ Tbe presjiector, armed with 
pick, shovel and pan, pursues his s5a<j.-h more especially in places 
where ho cau obtain natural sections of the strata, sueli as the 
lieds of brooks, and he carefully (‘xamines the stones wliicli they 
roll along w'hen in flood. From time to time ho digs u]i .samples 
of the gravel and washes it in his p.ui to see whether he can find 
liaces of gold or otlier henry metallic minerals. Pieces of the 
veinstufl’ in the brook, or particles of metal or ore washed up in tbe 
pan, tell of a deposit higher uji, and tlic seaieh is eoutiiuied until 
from more frequent or more marked indioatioms tbe prosiiector feels 
that the goal cannot be far oil’. Finally, ho may be rewarded for liis 
toil by the sight of a seam or lode laid bare by tlie brook, or by 
coming across a prominent outcrop on tlie hillside. By digging 
trenches at riglit angle.s to tlie presumed strike of tlie deposit, he 
is able to trace its course even wlini it is liidden mider the soil. 

Hushing consists in causing a stream of water to rush down tlie 
side of a hill and cut a ditch through the soil, so as to lay liarc 
the outcrops of mineral deiiosits if any exist. 

In sonic special cases when the mineral lies very near the surface, 
and is either harder or softer tlian the surrounding rook or has a 
peculiar colour, the searcher makes use of a shaip steel rod or a 
pointed stick, which he thrusts into the ground. 

Kauri gum and the well-known French burr-stones, which lie 
ill sand and soft clay at a depth of 10 to 18 ft., are found by this 
prodding*or probing process, and the presence of tin-bearing gravel 
in the Malay I’eninsiila is detected in a like manner. 

In the sjiccial ca.se of magnetic iron tbe prospector employs a 
dipping needle. This consists of Hjinagnetie needle delicately sus¬ 
pended so that it cau move with great freedom; the prospector 
walks over the country and from time to time ob.scrves the needle. 
If one end dijis down he knows that a deposit of ore i.s near. By 
making a number of oCservatioiis ho cau trace out the shape of 
the deposit. 

From the above remarks it will be seen that the miner is greatly 
aided in hie search by a variety of direct and indirect indications; 
but ill a new and unsettled country the physical difficulties are 
often so great, that strength of bSdy and capability of supjiorting 
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DISCOVEEY, 

Pages niiglil be written abnnt valn.able mineral discoveries wliicli 
li.avc come abimt by imro chance; and one need only look back 
upon the last half eeutnry to be convinced that these accidents 
have had a ]ioncrful eHect upon the fate of nations. The linding 
of gold by Sutler brought a jiopnlaliou to California which 
speedily discoioreil that the precious inetiil was not the only 
treasure obtainable from its soil; (he peopling of the West 
nn(|iiestionahly hastened tlie spread of civilisation across the 
whole continent, and in so doing very lai'gely conduced to the 
prosperity and stability of the b'liited States. 

What would Australia he at the presi'iit day if the discoveric.s 
in the early fifties had not led to iiiriishcs of eager gold-seekers'1 
The same may be said of South Africa, and it is curious to 
sjieculale upon the far-reaching effects of tlie chance discovery 
of a diamond by an igiioraiil boy on the hanks of tlie Vaal river 
and its recognition ly a trader, only thirty-,six years ago. 
If the riches of the Kiiiihorley treasure vaults had not attracted 
miners to South Africa, wc might have continued to wait decade 
after decade before the mineral wealth of the Transvaal would 
have become known to its jiastoral inhahitnnts. and bef#re any 
' thought would have arisen of connecting the Cape with Cairo 
by rail. In a word, the rapid growth of onr empire and of other 
countrios has unquestionably been due in many oase.9 to chance 
discoveries of mineral. 

If chance has done so much, it may lx; fairly assumed that 
properly directed efforts, aided by all the resources of science,- 
can surely do more; aud it therefore bdlioves the sttidont to 
■ihake himself acquainted witli the signs of mineral deposits 
often seen at the surface aud with methods of discovery ■ 
practised by those pioneers of civilisation known as ‘prospector’. 

. The indications which guide the prospector are precisely those 
Upon which the geological survej’or depends in making his roap^ 
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viz., form of the,ground, colour, nature of decomposed outcrop, 
ordinary springs, mineral springs, special plants and alters 
vegetation, burrows of animals, old workings, slag heaps, and 
old records. 

If the mineral deposit is harder or softer than the surrounding 
rocks, it will affect the manner in which the surface is sculptured 
by atmospheric agencies. Hard rooks will ho left pinjccting,, 
soft ones will be cut into hollows, o.spec';i.lly if they arc im- 
pcrineable. The outcrop of a hiird bed will he denoted by a 
steep face or oscarpiiiont, and ui5’ielding mineral veins will 
project above the surface lu the form of latgo crags (fig. 24)., 

In most parts of our country those outcrops have been worked 
away and are no longer ap|iarcnt; hut lodc-ijuartz blanched 
by weathering may often he seen standing up several foot above 
the surface on the IVclsh hills, and the run of some lodes may 
bo traced for a long distance by a succession of those outorojis. 
Fig. 20 roprc.senfcs a huge outcroj) of massive hajmatite in 
Brazil, known as the I’ico d’ltabira do Caiiijio. 'fhe haimatito is 
exceedingly hard and has resisted eiusion hotter than the 
enclosing rocks. 

Deposits of soft substances like clay, or veins com])osed of 
yielding minerals, ofi'er less resistance to rain, flood and fro.st, 
arc more deeply cut into than the surrounding rooks, and have 
their prosonoo indicated by depressions. The searchers for 
china clay in Cornwall arc guided by signs of this nature. 

Colour is an important factor in the discovery of mineral 
deposits. Sometimes the valuable mineral has a distinct hue. 
A bed of coal may he marked by blackened earth at the surface, ’ 
copper minerals give rise to green, blue and red stains, which 
catch the attention very quickly. The common ores of iron 
arc red, brown, or yellow or black; mangaueso ores are often 
black; l«vl ore furnishes a green, .a yellow, or a white coating; 
cobalt a pink one, whilst cinnabar is the natural vermilion. 
Coloured minerals are often used a.s pigments by savages, and 
in this way may be brought to the notice of explorers. 

A mineral deposit near the surface is frequently so altered 
by atmospheric ilgenoics that it bears but little rescmhlauoe' 
to the undeoomposed bod or vein which will eventually be met 
with at a‘greater deptn. A hod of hard shale will crop out at 
this surface as a soft clay ; hut the most oohimon cases of change 
are. furnished by the conversion of sulphides into oxides or 
oxidised compounds, and the removal of some of the material 
In the form of a soluble sulphate. Thus iron pyrites, which 
is Butdi a frtiqueut constituent of mineral veins, is converted 




^XO. 24.—Projecting outcrop of Vigre Lode, near Dolgelly, North Walea 
From a pholo^aph hy Mr (?. J. WUliams^ H-. M. Inspedcr &f 
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I'lo. 2f>.—Pfo (l llfibii'a Uo Cauipo, lliiias (Jeiciei-, llrazil.* 

TIic main body of oro is of massive liamiatito, the slopes bring cuveied with 
rubble and some coiigloiiieiate ore. Iblwceii tlie crosses is aliout 50 
metres. 

* H. K. Scott, “The Iron Ou*s of lliazil,’’ Journal of Iron and ^iicel 
ImlitiiU, vol ixi , 1902, p. 210. 
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into hydrated oxide of iron, and a lode, originally consisting 
of iron jiyrites and quartz, becomes a honeycombed brown and 
yellow rock, the removal of the iron pyrites in the form of a 
soluble sulpliatot. leaving cavities which are only partly filled 
up by oxide. Ttie ferruginous .solutions will stain and discolour 
the adjacent rock as they flow away. 

The ferruginous outcro]) oj mineral veins has been noticed in 
all mining countries’. In Cornwall it is called (jazzan, and.this 
term has been carried by tjfe*ubiquitous Cornish miner to other 
English-speaking countries. * 

'I'he nature of a gozzan varies according to the composition of 
the vein from which it is derived. If the vein originally consisted 
very largely of iron pyrites, the gozzati will be mainly ochre and 
brown iron ore, often in botryoidal and stalactitic forms. If 
quartz was present also, a cellular, cindery, cavernous, ferruginous 
rock is the result of the. atmospheric weathering, 'the former 
pre.senec of copper sulphides will be denoted by the oxide.s, car- 
tiouates, phosphat.es and anseniates of the metal, and the same 
holds good wdth lead ; calamine points to the presence of blende. 

The depth to which the oxidising and leaching action proceeds 
is oc.ca.sionally only a few inches, but often several hundred feet. 
Sometimes there is a sharp line of demarcation, somctiinos a 
gradual passage, between the gozz,an and the undecomposed part 
of the vein. 

Imiiorvious bod.s, such as clay and shale, will bar the pass.agc 
of rain water as it percol.ites down from pervious beds above, and 
so eau.se the issue of springs. A line of these may mark the out¬ 
crop of a bed of clay on a hillside. 

.Mineral veins are often eharitiels for unilerground water, and 
may give signs of their existence, in an undnained country, by 
discharges at the surface. 

If the water of a spring contains marked quantities ol*salt or of 
other minerals, it may indicate the piesence of a workable deposit. 

Both plants and animals may be of service to the prospector. 
As different jdants require different nourishment, it is only natural 
to sujifKise that a change of soil causes a changp in the vegetation. 

Clays will retain water and naturally favour the growth of 
rushes and other moisture loving plants. 

The effect of salt in the rocks is especially marked, for there 
are many plants which I'ither flouri.sh hest when getting salt or 
cannot exist without it There are .also special plants which are 
regarded by prospectors as indications of phosphate of lime and of 
the ores of copper, le.ad and zinc. 

Though not indicated by ahy special jilant, the presence of a 
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fio. 26. Huge outcrop of gorzan containing copper ores, at Mount Constantine, Cloncarrr. QueenslanJ. 
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minoral deposit may soineLiincs he Kus]>eete(l fiftm an alteration in 
tile appearance of the tiecs or grass along its course, according as 
the deposit in ijuestiou exerts a fav(aira})le or unfavourable action 
on the soil. Many veins conlnin large (piantilies of iron ))yrites, 
which ])roduee.s plant poisoning sulpiiates as it decomposes Jt is 
miiy natural, therefore, to suppose tliat grass would grow less 
luxuriantly upon a wide pyriimis vein than upon adjacent slate, 
and that a detaded s^trcak of altxTed colour and growth woul,d be 
visible in the turf. *' 

Any burrowing^ animal may bring up small fragments of a 
deposit hidden beneath the .soil which otherwise would remain 
unnotici’d. (Ireen sand thrown up by a wombat led to the dis* 
coveiy of copper ore ni South Australia ; yellow earth in tlie 
bin row of a ‘ineeikat’ {trkncunion) was tlie indication which 
guided a prospector to a diamond ‘jiipc’near Kimberley. Ants, 
gophers, moles, etc., have all been the means of funiislung signs 
of mineral deposits. 

Tr.aces of old workings, such as pits, gashes in the hillsides, and 
rubbish heaps, often tell useful talcs (tig, -^7). When (he 
\\orkin<:>- were shallow, tin* miner jail down shafts iii close jiroxim- 
ity, and the line of a series of shatrs and lubbish heaps will give 
a fairly correct idea of the slrike of a lode. The rubbisli heaps 
Will show what was the ore worked, and witli what it was 
.associated. It often hajipeiis that mining refuse, ihrowui awiiy as 
worthless in the days when dressing appliances were crude and 
rough, will pay foi being woiked over again. Kven old rums may 
be useful Ill ijointiug indirectly to miues. Ih-ojdi; do not settle in 
a eountrv willioul a reason, and mining is sometimes their object. 
Fig. 2''^ illustrates a ease in point. 

Heaps of slag show that, smelting operations have lieeu carried 
on, and as carriage was ddhi-ult and expensive in old days, it may 
usually bo assumed that there are ancient workings in life vicinity. 

t )ld none plans, reports and deeils should be consulted when 
available ; and infonnation should be sought from oflieial geological 
surveys and mining records wdien they exist, as they do in this 
country. In Austr.ilia special maps arc prepared by the (govern¬ 
ment for the use of prosjieetors. 

A knowledge of geology may be of the utmost value in directing 
the searclicr to localities where he has .a reasonable prospect of 
success, or in teaching liirn where his ofTorts are sure to be 
fruitless. 

If a given geological horizon in a neiglibouring district or 
country has yielded some valuahlo Led of mineral, scientific 
knowledge will assist the woutd-be discoverer in ferreting out the 




llie di.sco\ory of the (WI Moasurea in Kent uiidor a thielt 
reasoning ’’‘'‘■"''f "f l.rill.ant geological 

* Alfoid, “GoM Mining in Kgyiit,” J',m. lust. M. M., vol, x., tSOl 2. p. a 
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same hoiizon at htjuiie, or it may euablu liiut to sav at oiicc that v 
money spent in prospecting would iiievita})ly be wasted. 


Fig. 27.—Ancient wovkings for gold p.t noliacli, Egypt. 
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We now come to the actual proces.tcs of seiircii. Tlie commonest 
is known as ‘.shoiulin;;, ’ imd it may he sini])li'mento(] hy ‘ireiieh- 



iiig.’ ‘I’robiug’ and ‘ husliiiii' ' j^re valaahlo in certain ca.ses, 
and iinally the dipping needle is regularly used m searching for 
deposits of magnetic iron ore. 

* Alfovd, op. eit. 
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The presence of»a mineral deposit may,be inh'rrcd not only from 
a conspicuous outcrop, standiiif; out prominently above the ground, 
but also from fragments which have beeonio detached in the 
process of weathering, and which now lie abouir <in the surface or 
have been washed down the hillsides into the beds of brooks. 
Such loose fragments of veinstutf are known in Cornwall as 
‘ shoadstones,’ and the process of ^.racking the parent hale by 
tlreic means is called ‘shoading.’ Tbe presjiector, armed with 
pick, shovel and pan, pursues his s5a<j.-h more especially in places 
where ho cau obtain natural sections of the strata, sueli as the 
lieds of brooks, and he carefully (‘xamines the stones wliicli they 
roll along w'hen in flood. From time to time ho digs u]i .samples 
of the gravel and washes it in his p.ui to see whether he can find 
liaces of gold or otlier henry metallic minerals. Pieces of the 
veinstufl’ in the brook, or particles of metal or ore washed up in tbe 
pan, tell of a deposit higher uji, and tlic seaieh is eoutiiuied until 
from more frequent or more marked indioatioms tbe prosiiector feels 
that the goal cannot be far oil’. Finally, ho may be rewarded for liis 
toil by the sight of a seam or lode laid bare by tlie brook, or by 
coming across a prominent outcrop on tlie hillside. By digging 
trenches at riglit angle.s to tlie presumed strike of tlie deposit, he 
is able to trace its course even wlini it is liidden mider the soil. 

Hushing consists in causing a stream of water to rush down tlie 
side of a hill and cut a ditch through the soil, so as to lay liarc 
the outcrops of mineral deiiosits if any exist. 

In sonic special cases when the mineral lies very near the surface, 
and is either harder or softer tlian the surrounding rook or has a 
peculiar colour, the searcher makes use of a shaip steel rod or a 
pointed stick, which he thrusts into the ground. 

Kauri gum and the well-known French burr-stones, which lie 
ill sand and soft clay at a depth of 10 to 18 ft., are found by this 
prodding*or probing process, and the presence of tin-bearing gravel 
in the Malay I’eninsiila is detected in a like manner. 

In the sjiccial ca.se of magnetic iron tbe prospector employs a 
dipping needle. This consists of Hjinagnetie needle delicately sus¬ 
pended so that it cau move with great freedom; the prospector 
walks over the country and from time to time ob.scrves the needle. 
If one end dijis down he knows that a deposit of ore i.s near. By 
making a number of oCservatioiis ho cau trace out the shape of 
the deposit. 

From the above remarks it will be seen that the miner is greatly 
aided in hie search by a variety of direct and indirect indications; 
but ill a new and unsettled country the physical difficulties are 
often so great, that strength of bSdy and capability of supjiorting 
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fatigue and liardfiLipb l)ecoiuo some of tl»u ]iiost*iiii|K»tiiut qualifi- 
catmnsof tlie prusjieiTor. He slionld liave a general knowledge of 
geology, and understand ininenilogy sutiieiently to ro(;ngiiiso all 
the <*omiuoii and-valuahlo minerals and their (trdmary associates, 
and 1-0 conhrni Ins o]»mion by sinijde tests. The pick, sliovel, ami 
pan should be liamlled with ease, as well as the nlie and the gun. 
Keen and good eyesiglit is qua iion ; a njyoj)ic }n’<»speetor 

would fail to reeognito natural f'eatur<‘s, and a colourblind pc;,'son 
would not be struck by im(k>rtant dilfiTcuces of tint; tinally, a 
sanguine toin|K‘i\nneiit is desirable, for disappointments niusf. bo 
frequent. Ihuh?!' these cireumstames it is not surprising that 
.some pi-i>50us compare the searcluT for minerals to the maker of 
poems, and say : ///vj.v/^cr /er /o/.se/fi/r mu) fit ; but given the reipii'-ite 
j>hysie,al and iiKuital quahficaliims, it must Ih' admitted that scien- 
tilic tr.iuiing will greatly aid the pios])ector in his calling. 



ctrAPTriflt^m. 

BORING. 

The principal {mrposcK for which tlic miner employs horing ar<* as 
folioWh: - 

(rt) 1’o Hscortiiiii tlie nature of a niiiuTal deposit, its deftth from 
surface, thit*kness, dip and strike. 

(h) To ohtaiii Ikpiid minerals, such as hrine or pelrolciim. 

(c) To<thtain gaseous minerals, such as natural inllammahle gas, 
carlxmie acid gas, vapmirs containing horic acid. 

\(1) To drain oft' gas from rocks, and water or gas fnaii mine 
workings. 

(e) To Tuako passages htr <‘onveving jxover into underground 
workings hy steam, water, W'ire ro[ie'^-, ov electricity. 

(/) To introduce pipes carrying a freezing solution, for the 
Puetsch or <;oncolati(ai process. 

(<j) To cieavatc mine shafts. 

'I'herc are three princif>al methods of lH»ring, viz.:— 

1. Hy rotation. 

2. Hy perciiRsio!!, with rods. 

3. Hy j)erciission, with ropes. 

• (1) Borii^ by Rotation. 

Soft rocks, such as clay, soft shale, sandy clay, and sand can 
he bored by an ()|>en anger like the common (rar])entcr’s tool. As 
the hole is decp(?ned, the handle lias to he lengthened afttir the 
fashion of the wcV known chimney-sweep's brush. Hut the rocks 
most commonly eijdored hy the miner are too hard for s\ieh 
augers, an^ are atta<5ke^ hy tools iu the form of Ij-dlow cylinders 
armed wdth diamonds or wdth steel t('eth. 

The working part of the diamond drill consists of tJie so called 
‘crown,’ whicli is a short hollow cylinder of cast steel, at one 
end of which a number of black diamonds are fastened in small 
cavities. The crown is screwed c{p to wrought-iron pipes, wdiich 
are made to rotate, with tlie result tliat an annular groove is cut 
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at the bottom of the hole, leaving a core. The sand and mud 
formed by the abrasive action of tiie diamonds are carried uji by 



Flo. 29. 


the stream of water pumped down the rods, which ascends through 
the annular apace around tliem. 

The ‘Dauntless’ (tig. 29) is one of the diamond drills mi^e 
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by the Bullock *Maiiufartiirin" Company of (’hicago, for bearing 
prospecting holes, and is caj)ab]e of drilling a 2-in. ludc'tu a depth 
of more than 2000 ft. and furnishing cores diameter, 

(’ores showing visihlc gold have hoen brougfit xij> from a hole 
2500 ft. deep, t»ored hy one of these drills noar#b)lianiiosburg. 

Tlio maelmu; is eonstnieti'd as follows: A )s one of a pair of 
cylinder.s, driv(‘n bj’ steam or ei^uju-essed air, wliich work the 
ht^-el wheel !» by gearing. The feed scrc\v*C C' e.in slide readily 
n^) and down thorough 15; but as UVuTies a feather lying in a .^lot 
in i.\ the latter is driven roumi when the formei- lotatos. \) is 
the crown set with diamonds, scrowod on to the first piece of 
honng tube C", attached to 0 by the chuck O'. I’he lio.se H, 
eoiiiing from a special [uimj), brings in a continuous supply of 
water whi<di passes down C and comes out through I>; F', J*', F'", 
and O', 0”, O'", enud.itute the ditlerenlial feed-gear for causing 
the foed-screw C, and consequently the bit 1>, to dcsei-nd as the 
Imle IK dia’peiR'd. 

F', F", and V‘'' are eoniiectcd with B so that they revolve wlu'u 
It dot's ; (i', 0", and U'" are loose on the cf)'unter-shaft, Imt any one 
oi ihem can be made fust to it by opeiMling the eluteh 11. K is a 
toothed wheel attaelied solidly to the bottom of a feed nut throiigli 
which 0 passes; when K rotates it causes (5 to asceml or descend 
b IS a wheel eipial in size to K, which it drives when tlic shaft is 
rotated by <t, (F', or O'". 

If F' and G' liad the saim^ number of teeth each, one revolution 
of B would make one revolution of O', one revolution of L, and 
one revolution (,f K ; consoiiuently tlie feed-nut attached fo K 
w'onld be revolving at tins same rate as C, and 0 would not de¬ 
scend. in reality O', 0'', and O'" liavc a slightly smaller number 
of teeth than F', F", and F"; therefore one revolution of F' 
causes slightly more than one revolution of (F. K moves rather 
faster than (J, and G descends slowly. As arranged in this par¬ 
ticular case, tlie gear F' G' (^anst's C to descend one inch for every 
300 revolutions, the gear F" (F' gives a feed of one inch for every 
450 revolutiun.s, and F'" (F" a similar feed for 750 revoltitions. 
The driller is tliiii; enabliKl to regulate his feed to the haidness of 
tlic rock bored. In practice these throe sjiceds of advance have 
been found sufliciont. 

M is a drum which is used for hoisting the rod out of the hole; 
N is a liingc upon wliich the whole of the boring head can be 
turned, so as to leave the mouth of the hole perfectly free wliile 
raising or lowering rods. 0 is the thrust register, upon which is 
indicated by a dial the resistance exerted by the rock against the 
bit. This is an addition of great imjiortance, for by watching the 
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indicator t!io driller can detect changes in the*hardness of tlic 
strata j)assod thruu^li, and can iiicasurc the exact IhicKnoss ol‘ tlic 
hard and soft bods before he lias seen eitlier the enttinc^s or tlie 
cores. T1 j(? Llinist register prevents tlie j)ossil)ili1 v of liriliini; 
through a bed of «oal or other mineral without its Iteing noliced, 
as has happened when tlie seam was so soft that it failed to 
furnisli a cure. Tlie rod is len-ithened as the drilling proceeds by 
screwing on jiiece afftr piece Jtelweeii C and the topmost v>d 
projecting above the hole. •* 



Fio. 30.—Suiall juospecting Fio. 31.—Sullivan liaml-pt)nei 

Diamond Drill for ns<‘ Frospi-clnig Drill." 

umlciground, diivm hy 
coiTipressed lur. 

After drilling has gone on for a wliile, the rotls are drawn up, 
and the crown is replaced by an extractor whicli will wrench off 
the core and hohi it fast till it is brought ii* tlie surface.# 

Small diamond drills, wliich will bore in any direction, and 
which are driven by hand, compressed air, (^r electricity, arc 
largely used both above and below ground for prospecting. 

* Lane, “ Diaiuoiid Drilling Machines,” awl Mlwrah, rol. xx., 

1900, p. 24 L 
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Ex[»lor;iti()n b}; l.licso little nuichines 
very decidedly clicapcr than by driving 
or sinking l)y hand in bard ro(d;s, and 
fully ten tniios as quick. On tin' other 
hand, the ground is not o]iened nut its it 
would be by a shaft or drd’t, and the 
sample furnished is but small. 

The Oalyx diill works in the’same 
maTincr as the diamond drill, savii.tlnt 
ttai annular groove is cut by steel teeth 
instead of diamonds. 

In fig. dli. A is the toothed steel crr>wtj, 
.shown on alargerscale below, it iss(;re\v<‘d 
Ui1(> the c<u-e-barrel )>, to the upper end 
of which is attaelu'd the reducing plug C. 
Tiu.s receives the lowest of tin* hollow 
lengthening rods. D is a long tube abo\e 
the C(‘re barrel whicli eatches the coarser 
particles of detritus and Indds them until 
tin to.il is drawn np to the surfar'c. 'Die 
arnovs sfiow the eonr.«r- of tlie fiushinp 
water, wliich is piini])ed down the hollow- 
rods and ;is<'-ends oiiisitie the Curi' biirrel. 
Dn reaidiing the top of Die sediment tube, 

‘calw,’ the vi'loeity of the e.uneiit is 
at once greatly diminished, owing to the 
mer('a''em si/i- of the annular sp.aee^ and 
Die heavier jiartieles fall to the hotloni 
as show'll. When tlie core has been eiit 
out so deeply lliat. it nearly fills the core¬ 
barrel, some small peldiies are dro{jped 
down Dr hollow Imring nids. dhey fall 
betw'eeutiie eore and Die, in.side of the 
eore-barrel, wedgingtliemselvesintiglitly; 
Die core is Urns gripped so firmly that 
it hroaks off wlien the rods are lifti'd, and 
is brought to the* surfaee with the core- 
barrel. 


(2) Boiiiig by Percussion with Bods. 

The rods are made cither of iron or 
wood. 

An ordinary boring plant consijsts of 


! 

+ 
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the euttiii!' tool, the rods, .'v suitable frame-work nr derrick for the 
jiiirpose <if (•nin'ciiientlj- raising and lowering them, and the 
iieci'ssart driving machiiiory ; in addition, there must lie clearing 
tools, and a|iplianees for rcinedying accidents, lining the bore¬ 
holes, and obtainiijg samples of l.be rocks traversed. 

The .actu.al eiitting tool is nsnally a chisel of some kind. For 
soft roelos the edge i.s straight;, for bard rocks there are wings to 
guide tlie tool and kt^-p tlie hole veitie.il, or even special gnuJcs 
aliove it. ,• 

The lengthening liars or rods are made of iron of sijnare sectiAi. 
The usual iiiodo of eoniiectioii ib a screw joint, care being taken 
to have all the bans .alike, so tliat any two bars can be screwed 
t,ogetlier. 

Tlie lioiglit of the derrick, tower, or .shears erected above tlie 
bore-bole sliould be some niiiUiple of tlie length of the rods, so 
as to be able to dotaeb or atlaeli two or tliroe lengths at a time, 
instead of having to make and unmake every joint. The rods 
have two slioiilders at eaeli extremity, so that llie npjior (me can 
be used with the lilting book wlien tiie lower is resting on a key. 
A ea|i may be screwed on to tlie topnin.st rod and used for raising 
the rods instead of eiiijiloynig a lilTiiig book. 

The work of lioriiig consists in raising tlic rods and allowing 
them to drop and lot the eliLscl fall upon the bottom of the bole , 
each time that they are r.aisod they are turned slightly in order 
tliat the successive lilows of the cliisel edge may strike ditferent 
parts of the bottom of the liole. After tlie eho;i[iing action of the 
chisel has gone on for a time, the detritus imist lie removed by a 
clearing tool, and before this can lie done the eiill ing tool must be 
taken otf. I'lie rods are drawn up and taken oil' length by length, 
and as soon as the bole is free t.bc clearing tool is lowered, cither 
by tlie rods iii precisely the same way as the boring cliisel, or by 
means of a rojie and windlass. The cleaving tool is dsually a 
hollow cylinder with an ordinary clack valve ca- hall valve {shell- 
puuip or sfia/pcr) (No. 7, fig. 34). It is worked up and down a 
little till it is tilled, and it is then diawn up to the .surface and 
emptied. 'J'lie operation is repeated if necessary, and the boring 
is ixtsutncd wiHi tlie rod. Where Labour is clieap, bnre-bcles may 
be put down even to a depth of 200 ft. without any a)ipliances 
beyond tlie rods, the cliisel, the sludger, a6d some large sp.innors 
for making and iiiimakiiig the joints and linidiiig up the rods. 
])r Walter Saise, the Superiiiteiidcnt of the large mines of the 
East India Eailway, has been most sneccssfiil in boring for coal 
in this niainicr; but in I'iiiropo recourse is bad to moclianical 
appliances long before such de]Ahs are reached. 
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For depths not K.xooodin,a fiO to 80 ft., Arniult, a well-known 
Brcnch engineer, euiploysthe simple plant shown in fi". 33. The 
man at the nindlass raisc.s the rods by turning the handle, and 
the master borer dotachc.s them and caii.ses them to fall bv simply 
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For greater depths a lever is usually emidoypd, the rods being 
suspended at fine end, while the other is moved up and down by 
hand or by mae.hinory. 

Two methods (jf lioriug with iron rods much employed of late 
years on the (’ontiueiit arc those of Fauck and llaky. 

Fauek’s methdil consists in giving the cutting tool a rapid hut 
very short stroke, whilst at the same time the bottom of the hole 



and sludger with ball valve ; 12, htiiinp lod ; 13, matching ]>lcec ; H, 
wrench loi unscrewing i oils ; 15, ni.itrhing or lengthening [uece ; Ih, 
edainp ; 17, clamp with eye; 18, wrench ; 19, retaining or supporting 
key ; 20, cip ; 21, tiller ; 22, iloiible wione.h ; 23, scraper ; 21, picker. 

is constantly flushed by a current of water brought down through 
the hollow rods. No beam is used, but the chain or rope to which 
the rods and boring tool are suspended has an up-and-down motion 
imparted to it by the- aid of an excentric. This arrangement 
enables the number of strokes per minute to be increased very 
considerably, even up to 2.'i0, whilst the length of the stroke is 
often as low as 15} in. (80 mm.*). 
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The main whoel'A carries the excentrio B, the afqrlianco wiiich 
imparts motion to a cliaiti or rope, attached hy one end to the 
drum 0 upon wliich the roscrvo is coded. 'I'lie other part of the 
(diaiu or rope jiassos over the guide pudey I), under tJie excentric 
Ji, over Ihe two guide pulleys E and E, and li.vigs down to (}. 
This end is attached to a swivel Jus! aliove the liist rod. When 
A revolves, the exc.entric alternately presses down the chain .and 
lets jt come up ; the 
amount the tool is 
raised and lowered is 
evidently e(|uul to 
twice the stroke of 
the excentrio. 

The boring tool it- 
seifisnsuallyachisel: 
when cores are re¬ 
quired, it is riqilaced 
hy a toothed hollow 
eyliuder. By rovers 
ii;g Ihe direction of 
the flushing current, 

Euuck is alile to 
obtain cores coii- 
finnonsly without 
stopping the wort. 

They breat off of 
themselves from the 
vihrations produced 
by boring, and are 
washed up the hol¬ 
low rods and eaught 
at the top. 

The principal jie- 
culiarities of the 
Kilty system of bor¬ 
ing are a.s follows :-r- 

(a) Beam supported on a bearing carried by springs with the 
object of giving elasticity to tlie working parts. 

(A) Stroke rapid and short; 80 to 120 blows per minute, of 
3 or i in. each. 

(c) Hods made of Manuesmann tubes. 

(d) Water flushing. 

Wooden Jiods. —In some districts wooden rods are found more 
suitable than iron ones. They have been largely used in Canada, 

4 





Fill. 35. -Diagram allowing action of 
Fauok's Itapid Drill. 
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T1j« piece supporting the boring 
tool has two wings wliioh rest 
upon shoulders at the top of a 
long slot in a cylinder attached 
to the lowest rod; hy giving 
the rods a sharp torn to the 
left, the wings lose their sup¬ 
port and the tool drops. 


and hence the sybtem of employing 
them is known as the Canadian method 
of lioring. 

AVooden rods are lighter and more 
easily inunipiilated than iron rods, be¬ 
sides wtiich they are more easily re- 
p tired, a matter of much importance 
ip, districts far from foundries and 
ongineering shops. 

Tlie rods arc often m.adc of two 
ash poles joined together hy strapping 
plates of iron ; at each end a forked 
iron coii])ling is riveted on, terminating 
by a ooniial male or female screw. 

Free-falUnij Tools .—When a large 
or deep hole is being bored, the weight 
of the rods is so gre-’t that much 
vibration ensues when tlioy are sud¬ 
denly arrested by the chisel striking 
against tlie bottom. Various devices 
have heon contrived for overcoming 
this difficulty, among which may be 
mentioned tlie free-fall tool shown in 
figs. 36 and 37. 

Tools for dealing with 
accidents are numerous, and many 
of the contrivances used are very 
ingenious. 

Among the accidents is a breakage 
of the rod. If the rods are i»f 
tif^itly jammed in, a claw called a' 
crow’s foot (figr 3S) is lowered and 
turned round till it catches a rod 
below one of the shoulders; it is then 
drawn up. - ■ 

The tool shown in fig. 39 serves 
to cut a thread upon the end of a 
broken rod. The position of tbC/ 
broken end is first ascertained by 
taking an impression upon tallow or 
wax, and the corie is then lowered 
on^to it; by turning it round,' i 
thread is cut on the broken eail,; 
which gives hold enough to raise i»e; 
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rods. Broken ropes can be ca 
resembling a corkscrew. 

If tljc cutting chisel is broken, 
may be used to fish it up, 
and more recently a strong 
electro-magnet Inis l)ecn suc¬ 
cessfully employed for the 
purpose. A big broken chisel, 
weighing as much as 2 cwt., 
may even be gradually chopped 
up into pieces l)y continuing 
the boring ])rocess with a new 
tool. The small fragments 
are then extracted without 
difficulty. 

Lhiimp .—AVherc the strab 
are soft and would fall in, the 
hole has to be lined with a 
tube. Tubes are usually made 
of iron or steel. 

Fig. 40 is a tube of riveted 
sheet iron witli soi-kets fixed 


Liglit and drawn u]) by tools 
some kind of grasping nippers 



ms. Crow’s Fic. ‘iO.- Liiiieg 

Foot and Ikdl- Tube for a 
screw. Borehole. 


on, which enable the joints to 

he made by screwing. The tube may be made with screwed 
joints, so arranged that it is perfectly smooth outside and inside. 


(3) Boring by Percussion with Rope. 

The use of the rope for boring is of very ancient date in Cliina, 
and the process has been brought to great pcrfectwn in America 
for the [mrpose of obtaining petroleum and natural gas. 

The fiiut operation consists in erecting the drilling rig, cousist- 
nig of the derrick, steam-engine, band-wheel, walking-beam, 
bull-wheel and sand-pump rCcl. 

The derrick (fig. ^1) is a framework in the form of an acute 
truncated pyramid, 72 ft. high, 20 ft, by 20 ft at the base, and 
about 3 ft square at the top 

By means of a belt, piWor is transmittiKl from an engine to 
u wooden pulley {'t) called tiie band-wheel ; this is provided with 
a crayk (ft), and through a pitman (c) it actuates one end of tlic 
walking beam (tf), 26 feet long. A smaller pulley bolted on to 
Uie bahd-.whoel enables the bull-wheel (e) to be driven by an 
•eBdlcsa rope, and, by moans of a level’, a fiiction pulley (/) caif 
k^^bjonght against the band-wheel so as to drive the sand reel.* 





3. A roi)(; iy), 1 inch in diameter, for lifting the tools. . ^ 

4. A rope (';/), 1 jnchMii diameter, for working the baileftt* 

the sand pmup. 
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T))e set of di-iltiuj' tools is about CO ft. in leiiglh, and consists 
of file following jiarts-—Rope socket, fig. 42 (and h, fig. 41); 
sinker bar, lig. 43 (and /, fig. 41); jars, tig. 44 (and 7 , fig 41); 


I 



Fint. 42 to 47.—American Drilling Tools. 


au"er Ktoni, lig. 45 (anct /•, fig. 41); bit, figs. 40 and 17 (and ly 
fig. 41). 

Tbc jars aio like two link.s of a cbaiu, and tlieir object is 
to enable an tqiwanl blow to be struck if a bit sticks; the 
force of tbi.s upward blow is increased by tbc momentum of 
the sinker bar. 
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Tliu r()|) 0 -sixiket receives tlie end of the horiiig-cahle, any part 
of whicli can tic coiinccled to the walking beam by a clamp 
arrangement attached to an adjustable link called a temper screw 
dig. 48). . _ 

’ The bailer is a wi'ouL'ht-irou cylinder 18 or 20 ft. long, with 
a valve in the bbtlom, which opens as .soon as its projecting stem 
touches the ground. 


¥■ 



Fm. 48.—Ttimper Flo. 49.—Sami 

' Screw. bump. 


'I'he sand pump (fig. 49) 
is .an iron cylinder 5 ft. or 
more long, with a viilvf in 
the bottom and a piston. 
When it is lowered to the 
botloin of the hole the piston 
de-.eends, and when the jiiston 
i.s raised, it sucks the mud 
and debris into the cylinder, 
•ind they arc relained by the 
valve. 

'I'hc jiroper cable is placed 
u[ion the bull-wheel shaft, one 
end brought over the crown 
pulley and attached to the 
socket, and to this, in suoces 
sioii, the sinker - bar, jars, 
auger stiun, and bit. The 
temper screw (fig. 48, and % 
in fig. 411 is clamped to the 
cable, and its eye hung on the 
hook at tJie end of the walk¬ 
ing beam; the cable is now! 
lowered, and the string of 
tools hangs from the walking 
beam. The engine is set in 
motion, and as the band-wheel 
revolves, the crank turns and 
causes the a.alking beam to 
move up ind down, and the 
bit strikes a succession of 


blows at the liottom of the hole. As thei hole deepens, tlie- screw 
above the clamp is fed out, and when it can go no fmther the 
clamp is loosened, and shifted higher np after tlie screw has been 
run back. 

Tlie sand, gravel, and mud made by the chipping motion of 
the bit are removed by the naiid pump lowered .and raised by 
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the special rope *011 the sand-pump reel, driven by the friction 
pulley. TIu) two o])i'ration.s, drilling and clearing out, arc re¬ 
peated until the hole has- reached the required depth. 

'I'lio Americiiu system ])resents very great advantages, especially 
where holes have to be numerous, and whore it is not certain how 
long a well will retain its productiveness. On the other hand, 
in making preliminary explorations, of the rocks of a new district, 
smiio of the other systems may fairly cfeiiii the .superiority, 
hec.iuse they furnish actual cores* •jhowing the dip, which give 
a llettcr idea of the strata than |)Ounded fragments. 

Tht Knysltmc drill, which is largely used for prospecting pur¬ 
poses, is a portable, solf-coulaiued rojie-drilliiig plant, operated hy 
a double walking beam carrying guide pulleys round wliicb the 
boring rope passes from the wiucli on the carriage to tlio she.avo 
on llie top of the derrick. 

'J'tic driving pipe, wliicli also servos to line tlie bole, usually 
slightly precedes the drill, and drilling and driving go on 
alternately. 



CUil'TEll IV. 

EXCAVATION. 

Minino esoavatiiiiis may I'e nuulc liy liaml iii' liy iiiarliiiit'ry, and 
as the kinds of grtiiind in wliicli llie uni-k is <;an’ied nn v.iry 
witlnn the widest limits, fi’oiii loose quicksands to the hatde.st 
roeks, the ii])]diiinces required and the methods of attack em¬ 
ployed are neeessardy mimeroiis. 

J propose to divide the snhject into three parts as follows;— 

1. Excavation hv manual labour. 

2. Excavation by niaohinery driven by steam, water, eonijire.ssed 
air, or electricity. 

;l. Certain special methods of excavation. 

(1) Excavation by Manual Labour. 

When excavations arc made by hand, the principal appliances 
used are; crowbar, shovel, )iick, wedge, and tools for boiing holes 
and explosives. 

The crowbar is an iron lever. It is used for jirising off blocks 
of stone, and for shifting them after they have been detached. 
In some cases it is the only tool employed in getting the mineral. 

Shovels vary a good deal in shape and make, according to the 
•special purpose for which they are enqiloyed ; for instance, the 
largo broad blade used for shovelling coal would be greatly over¬ 
charged if filled with heavy lead ore. 

The shovel consists ol a plate or blade of iron or steel to w hich 
a wooden handle is atlachcxl by means of a socket or two long 
straps. It is used for excavating soft or loose ground, and for 
shifting material bi’oken up by other tools'. 

Easy ground, such as hard clay, coal, shale, decomposed clay- 
slate and chalk, reepdres the use of the pick and the shovel; the 
pick breaks up the ground or cuts a preliminary groove in it, and 
the shovel serves to shift the broken material. 

The pick is a tool of variable form, according to the material 
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operated on. Thils there are the navvy’s pick, the poll-pick, with 
a point and a striking end (tig. 50), and numerous varieties 
of the double-pointed pick (fig. 51), the special tool of the 
collier, but also largely used in ore and stoue mining. The 



blades of picks are made of iron with steel tips, or else entirely of 
steel. The tip may be a point or a chisel edge. 

For convenience in taking the blunt tools to be sharpened, the 
blade is sometimes made so that it can easily and rajiidly be 




detached from the handle. The ‘Acme’ and the ‘Universal’ 
picks are of this class. 

The Acme (tig. 52) is a pick used for ‘holing,’ or cutting a 
groove in soft rock, in which case it is advisable to have a tool as 



58 THE ELEMENTS 01 MINING AND QOAKEYING. 

narrow as possililc, in onlor to avoid the iiuneeeasaiw work which 
a broad eye would oeciisioti. The l)lad(! is made with a notch at 
tiie top, and a wodge makes it fast to tho liead; blades vary from 
1J to ;j lbs, in w/’ioht. 

'J’hc Universal (fij^. 6.'1) has the lar^e end of the shaft or handle 
fitted with a east steel or malleable iron socket; the small end iS 
l>ut through the <'ye of Ihc bhule, which becomes firmly fixed, 
because the soeket'and eye are carefully made to gauge.. By 
striking the small end of tjr.';'handle on the ground the blade is 
loosened and removed. Blades of various shapes may be ffxcd 
upon the Siime handle, wdiich is sometimes an advantage in remote 
districts. 

. When the ground, though hard, is nevertheless ‘jointy,’ i.e, 
traversed by many natural fissures, the w'odge 
Q come.s into play. The Cornish tool known as a 
i gtvl is a pointed wedge (fig. 54). 

’I'lie so-called ‘pick and gad’ work consists in 
breaking away the easy ground with the jjoint 
of the pick, w edging ot! pieces with the gad, driven 
by a sledge nr the poll of the pick, or prising them 
Fio. .'"I.- Car- ‘^8’ "'ilh the pick. 

nisli Uml. In hard ground, .such as slate of various kinds, 
hard grit and sandstone, lirnostono, the meta- 
morphic .schists, granite, and tlio contents of many mineral veins, 
excavation by horing and Idasting is necessary, and even in softer 
rocks it is often economically advisable. The tiads employed arc 
the auger, jumper, drill or borer, hammer or sledge {mallet, 
Cornwall), scraper and charger, tamping bar or steminer, and 
occasionally the pricker or needle and the claying bar. 

Shell and screw' angers, resembling the tools employed by the 
carpenter, are used in such rock.s as coal, gypsum, chalk, shale 
and biUmiinouB limestone. 

lAir convenience of working, the anger is often supported on a 
frame and turned by a ratchet, brace. 

Fig. 55 rejircsents the ‘Cnu(|ueror’ drill, which consists of a 
twist anger a inserted into a socket h, into whiijli passes one of the 
square ends of the feed screw c ,; this works through a feed-nut d, 
supported by two pins, which lie in suitable recesses in an upright 
frame made fast against the roof by clamping the sliding part by 
the handle c and turning the foot-.screw/by tho handle p. The 
feed-screw is rotated by a ratchet brace h or i, and it carries with 
it the anger a. It works its way into tho ground by the abrasive 
action of its cutting end, and is fed forward at the same time, 
because the screw c travels thiough the nut d. When the boring 
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has proceeded so far that the rear end of the feed-screw has como 
up to the standard, the auger i.s taken out and a longer one 
inserted. Instead of turuing the feed-screw backwards, which 
would take time, it is reversed, for either emj will fit into tho 
socket h, and work is resumed without delay. 

In these days of powerful explosive!?, wedging may seem a 
primitive method of excavating; but it is resorted to in some fiery 
collieries in order to escape the danger oi igniting gas or coal 
dnst by blasting. • 



'Fm. .t5.—‘Conqueror’ Kotary Drill. 


A compound wcilgc inserted into a borehole exerts a powerful 
splitting action wlien the central piece {plug) is driven in by a 
sledge hammer, especially if the rock is already severed on one 
side. Franqois* of Li««o has introduced an ingenious ramming 
device, which enables the luiner easily to strike a far heavier blow 
than is possible with a sledge hammer (lig. 56). A is the floor 
of a coal seam B; C is shale, and D is sandstone roof; E P is a 

* Collin, “Note snr lc.s noiiveaiix |H’oci-d^3 de ooupage dea vaie.s/ 
Uevuc U)ivo., vol. xxxviii., Lie^je, 18&7, f>. 268. 
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hole which has been bored and into wbicb haYe been jdaced two 
‘ teathors ’ (fig. S7). The tail end of the wedge G is formed by 
a long .square rod on which slides a heavy r.amuiing block H, 



Flu, 66.—Fianjnis wrdge and ram, as enipltiyrd 'ot ‘ripping' tlic mef after 
excaratiuii of the co-il, iu older to make b' lphr for a loadway. 




jmshnd by a bar L M, A very largo 
are in actual use on the Continent. 



Fig. 68.—Gripjiiug Appliaiiec for with¬ 
drawing a fforiiig Bar. 


mimbcr of tlicse appliances 

Holes may be bored in 
tough clay or tough hiematite 
fjy driving down a poiniod 
steclbar. Atsouieopenwork¬ 
ings for iron ore in Minne¬ 
sota,*holes 1J in. in diameter 
and 20 ft. in depth are made 
in this manner; the borer is 
withdrawn by moans of a 
double-claw gripping appli¬ 
ance, which seizes it firmly 
when pressure is applied by 
means of two lovers (fig. 58). 


• Head, "The Lake Superior Iron Ore Mines,” J'roc. Inst. C.E., vol. 
cixivii., 1898-99, p. 72. • 
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Another simplh tool used for 
boriiif; holes by percussive notion 
is the jumper, ii bur of iron tipped 
with steel, forf;ed into n chisel- 
slnijicd edye. It is struck aj'.'iiust 
the rock, and turned a little at 
each blow, and in this way chips 
out a cylindrical hole. ^ 

.The jnniiier of the Cleveland •» 
district (liir. 59) has a swelhiij' 
at one end, and is wielded so as 
to horc holes at any au)'le. 

At. the Festiniog slal.e mines 
(%. 60) the juiu|)er has a swelling; 
in the middle, .and hnth ends are 
sharpened ; the short end serves 
for beginning a hole, the large one 
for com]ileting it. » 

When the rocks are harder, 
.and also in situations where a 
jumper cannot he wielded, the 
miner must have recourse to a 
steel chisel, borer or drill, which 
is struck by a hammer or sledge. 
For hand drilling the steel is usu¬ 
ally J to 1 in. in diameter, 
but ^-in. or even |-in. steel is 
sometimes used. The shape of 
the cutting edge of the hand 
drills tised at tlic Minera mine. 
North Wales, is shown in figs. 

61 and 62, the angle of the edge 
being rather loss than a right 
angle. 

The hole is bored by striking 
the drill with a. steel liaramer or 
sledge, and turning it after each 
blow. Boring is said to he single- 
handed if the miner holds the 
drill in one hand and wields the 
hammer with the other ; and it 




is called double-handed when one -Oleve- 

man strikes whilst the other turns,. jumpiT. 

Sometimes there are two men to 



Fio. 60.—t'esti- 
niog Jumper. 
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strike, one after tlie other, wliilst a tliircf man turns the 
drill. 

In starting a hole a short drill is chosen, and longer ones are 

taken as the hole in deepened ; 
the smith is careful to make 
the cutting edges {hits) dim¬ 
inish slightly in width as the 
borers increase in length, \)e- 
causc the hole gradually "de¬ 
creases in diameter as the tool 
wcai-s. 

The haminers for single- 
handed boring vary in weight 
from 2 to 0 or 7 lbs. The 
hamnjors'used by the Festi- 
niog minors and rjuarrymon 
weigh from 5i to V lbs. (fig. 
63). The handle is 10 to 12 in. long. 

A good miner should be able to wield the hammer with cither 
hand, because he may have to put in a hole <do.so to either side 
of a level or stope; he should also be able to strike upwards, 
because occasions arise where a hole bored in this manner will be 




iar more advantageous for removing rock than one bored down¬ 
wards. 

'Hie double-handed boring hammer or sledge (mallet, C<)rns\all), 
Weighs from 6 to 10 lbs. or more, and the handle is about 2 ft. 
dong (fig. 64). If swung round .by strong arms, it strikes a very 
J^werful blow. 
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If the hole is directed downwanls, the miner throws in a little 
water and b(>ros the hole wet. A rinj^ of rope or leather put 
round the drill prevents the water from splashing him. The 
water serves throe purpo.ses : it enables the tool 
to strike a better blow on the rock ; it keeps it „ 
cool, and so makes it last longer; and iinally 
it prevents dust, which wouhl otherwise be 
bre^^thed by the miner and tend to cause liflig 
disease. Tlie deplh to which holes’aare bored 
varies with the rock, and with the nature of @. 
the excavation ; but in driving levels in the 
ordinary way by liand, the dejith is commonly 
from 1 d in. to d ft. 

The scraper is a small disc fixed at the end 
of a mot.'d rod, which is used for removing 
the dust from the bore-bole. The mud made 
ill boring a wot bole {sludg/i) i.s drawn out 
with a ‘swab-stick,’ which is simply a wooden 
stick witli the fibres at one end frayed into a _ 

kind of mop. Fio.O). 

file tamping bar or slemmer is a rod of Hammer, 
wood, copper, or bronze, and is used for ram¬ 
ming in clay, pounded slate, sand or the dust from the bore¬ 
hole, or other suitable material, upon the explosive, and so 
causing a resistance sufficient to make the giises generated by 
the blast rend the rock in the manner required. 

Tho pricker, or needle, is a slender tapering rod of copper or 
bronze with a ring at the large end. It is used for maintaining 
a hole in the tamping, through which the charge can he fired by 
a squib, rtwh or straw. 

Tho charging spoon is a hollow half cylinder of copper or zinc, 
at the end of a copper or wooddn rod, which is used for intro¬ 
ducing loose gunpowder into holes which are more or less hori¬ 
zontal. 

Explosives arc arranged by Order of Council under the Ex¬ 
plosives Act, 1875,. into six classes as follows :— 

(1) Gunpowder; (2) nitrate mixtures; (3) nitrocompounds; 
(4) chlorate mixtures; (6) fulminate; (6) ammunition. 

This classification is consequently adopted in official documents 
and publications in the United Kingdom ; but for the purposes 
of the miner .alone, 1 jirefcr a somewhat different and somewhat 
simpler airangemont, especially as he requires nowadays to he 
acquainted with e-xplosives, which, .though not licensed here, are 
in use in other parts of the world. Tho following classification 
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is l)ased upon the natAire of the most important ingredient, and 
the six sulvdivisions are as follows: (1) Nitrate of potassium; 
(2)nitroeelluloso; (.'!) nitroglycoriue; (4) nitrate of ammonium; 
(5) ehhirate of iiotassium ; (6) fulniimUe of mercury. 

'I'hc first class contains ordinary gunpowder, Bull-dog gun¬ 
powder, and several other explosives in which nitrate of potassium 
is the predominant ingredient. 

The formula conwoonly given for gunpowdi'r is; 7!) parjs of 
saltjictrc, 15 of carbon, and ,16 of sulphur; but the powder used 
for blasting in mines generally contains less saltpetre tlian that 
whioli is employed for sporting jiurposes. 

Mining powder is ueu dly coarse-gnained and highly glazed. It 
is used cither loose, or in cartridges m.ide by the men on the spot, 
or in eaitridgos suiiplied to them, (lunjiowder compressed into 
cylinders of diameters suitable for bore-holes, and provided with a 
central hole for the insertion of the fuse, has lately been brought 
forward with some success ; but it has the great ilisadvantage, 
shared with all hard cartridges, of not fitting the boro-hole so 
closely as a pulverulent or plastic explosive. 

Though gunpowder has lost much of its former importance, 
owing to the greater strength of many of its yotuigcr rivals, it 
is still largely employed for several reasons, viz., its relative 
cheapness, its slower action, which renders it more suitable for 
blasting in certain soft rocks and for producing rente without 
any violent shattering, and, lastly, its freedom from certain dangers 
which cling to some of the iiitro-compounds. 

In Ihill-dog gunpowder there is an increase of the oiidiser 
and a decrease of the inflammable constituents. Its average 
composition, exclusive of moisture, is as follows:— 


Nitrate of potassium. 

8,5-0 

Sulplmr, .... 

1-5 

Charcoal, 

13-6 


1000 


Nilropollulose, or guncotton, is little used alone as a mining 
explosive; it has the defect of giving off a large quantity of 
the very poisonous gas carbonic oxide when fired. This evil is 
corrected by adding an oxidiser such a.s nitrate of barium, or 
nitrate of potassium, and the explosive, tonite, obtained in this 
manner, is in favour with some engineers, as it never requires 
to be thawed, and is consequently exempt from one class of 
accidents. On the other hand, it is not plastic like dynamite. 
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The nitroglycerine class includes very many of flie most power¬ 
ful and important explosives employed in mining. Nitroglycerine 
itself is a light yellow oily liquid with a siwcific gravity'of 1-6 
which freezes at about 40° K. (4-4° C.). It explodes violently 
when struck, ami its extreme sensitiveness to. percussion has 
led to its use being ])rohibited in many countries. Nobel in¬ 
vented a method of employing it with comparative safety by 
causing it to be absorbed by an imij-t jiorons* substance. 4’his is 
the original dynamilo, whielf consisf* of Tfi jier cent, of nitro¬ 
glycerine and 2.') per cent, of diatomaceous earth, commonly 
known by its Gorman name Kieselguhr. Many other mixtn'res 
containing nitroglycerine are in the market, the other ingrediontB 
being chosen with a view cither to increase the power of tlie 
product, or to cheapen its co.st, or to mitigate its shattering 
action, or finally lo render it less likely to ignite firedamp or 
coal-dust. 

4’hc following five explosives may he taken as example.s, and 
tlioir average composition is given in the table below. 


Iiigrc'dients. 

IJIastinj^ 

t.Jvlatine. 


Giiilioiiite. 

AttLvf 

rowtiei. 

Wettei 

dynanu 

Nitroglvccriiie . 

94 

60 

26 

3Z f. 


Kicfiuljjiihr . 


- 


12-5 

16-8 

Nitrate of i«>la3«hnii 
Nitro-cotton . 

<> 

28*5 

4 

33* 

f-'O 

Wofulitieal 


7-5 

41 



Uarbon. 

Sul{)liate of Ilia;;- 


VO 


iiesium .... 


... 

... 

49 0 

32-7 


100 

100-0 

100 

100-0 

100-0 


Blasting gelatine claims an advantage over dynamite, as every 
part of it does useful work, guncotton being an active ingredient 
instead of being inert like the kieselguhr; it further has the 
advantage of not being affected by water. Gelignite, with a smaller 
proportion of nitroglycerine than dynamite, is cheaper but less 
strong. In carhonito the powerful disruptive action of the 
blasting oil is lessened by the addition of a large proportion of a 
mixture of nitrate of potassium and woodmeal, and tlie explosive 

* The nitrate of potassium may be rentecod in part or wholly by nitrate 
bariuip. 


5 
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tln.s Irt'C.iiies f.Ucr U,r tireuKiiiK: '1"'™ Magnesium sulpliate 

hiiH bcni iiicorixii-atcd with duiaiuite in Uio last two explosives 
V(ith the ohject of pmfitiiif; hy its lar^c proportion of water of 
{•rystallisati.iii; this is couvevteil into sU’aui when the explosive is 
fired, and so in loh lu'at is ahsorliod in tliis inannor llial the 
teiiiperatnro of the evolved pascs is eonsiderahly lowered. 

Among the nitralo of amiiioniinn explosives 1 may mention two 
which are in eonniion use in this eoniitry, ammonite and roimritc. 
The average coniiiosilion of the former is 88 per e.enl. of nilrnte 
of amnioniiim and per cent, of dinitronaphthalene, whilst the 
latter consists of 86 to 89 per cent, of nitrate, and 13 to 9 per 
cent, of dinitro-henzole, with or without 2 [ST cent, of chloro- 
naphthalene. The French explosives (Irisounite and t.risoutme 
belong to this class. 

In tlie fifth class we have Oheddite and ‘ i-ael; a rock. the 
former is ii mixture of ciilonite of potassium, castor ml, and 
a nitroeomiiomid, sucl, as nitro napthaleiie or dmitro-tuhienc. 
The latter is chlorate of jxitassium soaked with ‘dead oil, a 
dark heavy oil consisting ehielly of hydyocarhoiis, and derived 
from eoartar, or with a mi.\ture of equal volumes of dead oil 
and hisulphide of earlioii, or witli dmitro-heir/.olc. The cartridges 
of compressed chlorate of potassium are dipped m the lupml 
when required for use; the two ingredients, when separate, are 

not explosive. , 

Firing SltOin —For firing the cliarge, either direttly or by a 
fnlraiuating cap, three kinds of apjilianees are in common use, 

(a) Straws, squilis, ‘ germ.ans,’ etc.; (i) safety luse; (c) electric 

The first named require that a hole .shall have been left in the 
lamping by the use of the pricker or needle. A straw filled with 
fine gunpowder, and liaving a slow match attaclicd to it, is 
inserted into the needle-hole. Tlie slow combustion of tlie match 
gives the lirer time to retreat to a )ilace of safety before the 
guniiowdcr in the straw is ignited and iires the charge. ^ 

Safetv fuse is a cord to ^ inch in di-.ineter, containing a 
' core of gunpowder introduced during the progress of manufacture. 
The cord is tarred over so as to guard the powder against damp 
and, if more protection is needed, the covering is increased m ^ 
tliiekness and a layer of varnish is interposed. For wet ground 
the outer part of the ruse is formed by one or two spiral coils of , 
tape or by guttapercha For blasting under water the coat of, 
guttapercha is often strengthened against injury by tape or ; 
doubled or trebled. Ordinary safety fuse burns at the rate 
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alxiut two or throif feet jior minute, so it is easy for the minor to 
secure ample time for retreat l)j taking a suttieieiit ](;ngth. 
T'esides, tijo interval for seeking slielter may be ])ruloi)gfcMl by 
attaeliing a piece of toncli jiaper to the fuse, or by igniting it 
by a ligbteil eandlo-end placed uiidernoatli, wbicb has to burn 
ihrtiagh the covering before tin* core takes fire. 

Firing shots by electricity has iinportnnf^advantages, Unless 
tboi«e is gross c<arelessness, no preyiauire ignition of the charge 
can take place, because the current is^not ajijilied until all ]H*rsoii8 
have reached a jilace of safely ; there is no chance of ‘ hang fires,’ 
such as those wlileh occur with ordinary safety fuse and have 
caused many aecKhaifs ; and, thirdly, the electric ignibu’ docs not 
fire gas, whilst flames or sj^arks iNSuing from ordinary safely fuse 
have been known lo cause an explosion. 

Kleetric firing is eflbeled iu two ways:— (a) by glow fuses, or 
[h) by spark fuses In the former, a gap in the circuit is i)ridgod 
over by some matoriai causing a resistance, either by a floe 
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platinum wire, or by a Kjieeiul coiu|k»siUoii coiilaining graphite 
nr jmrliclcs of metal. 'Fhe passage of a current of very low 
tension through the platimuri wire, or of a medium tension through 
the special com]>osition, causes heat enough to produce iucan- 
dcsceuco and ignition. In the latbu- (h) the gap is bridged over 
only by air and the jmsage of a higli tension current produces 
a spai'k and ignition. 

Fig. 65 shows the electric lowr tension or glow' fuse of the 
Aetna Powder Company of Cdncago.* A copper cap contains 
fulminate of mercury at one end, whilst at the other two copper 
wires, insulated by a covering of cotton, are held in jilace by 
sulphur. The bait* ends of the tw'o co})por wires arc connected 
by soldering on a small piece of fine platinum wire, and are 
surrounded by a priming of guncotton. AVliOii the electric current 
passes, the fine platinum wdre becomes red hot and ignites the 
guncotton; this fires the fulminate, and iu their turn the 
contents of the cartridge into which the cap has been inserted 
w’ill be duly exploded. 

JCiKj. Min. Jour., vol. Ixviii., 1899, p. 100. 
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As iiu ovaiiiple of a medium tcnaiini fuse,* 1 will take that of 
Messrs Sclimitl & Co. (figs. 66 and 67). a a are iron wires 
enveloped liy thick paper b, which is tarred on the outside; c, 
paper cylinder; d, priming composition with particles which 
lieconie incandeiscent; e, second case of paper or brass; /, 
ordinary detonator with fulminate of mercury. 

ill many cases it ,'8 dcsiraVile that certain shots should not go 
off until other adjacent shots have heaved their burden am] so 
paved the way for the greatfiat eliioiency of their followers. M'ith 
the old method of firing, it is easy to arrange for this delay by 
giving a greater length of safety fuse; and, for the newer electrical 
firing, time fuses are likewise available. 

Figs. 68 and 69.t rejiresent a low tension time fuse, the gap 
between the two wires being bridged over by a thin platinum 
wire, a is either iron or copper wire covered with cotton and 
tarreil; /, jiriiniiig composition; e, fulminating mercury in a 
oopiier cap ; y is a colnimi of slow bnriiing powder ; /, tioles in the 
melallie cap i to allow the escape of the gases from the powder. 

By siiilahly arranging tlie composition and length of the column 
</, the detonation of the fulminate fi will not take place for two or 
three seconds after the ignition of/. 

The glow fuses have an advantage over the spark fuses from 
the fact that they can be tested with a galvanometer before, use 
to see whether the circuit is in order. 

The current for glow fuses is most commonly ])rodneed nowadays 
by raagneto-clootric machines, and for spark fuses by frictional 
maehnies. Tlio damp air of mines is .a decided drawback to the 
latter. 

Driving and Sinking. —A level, beading, drift or drive is a more 
or less horizontal passage or tnmiol, whilst a shaft is a vertical 
or steeply inclined pit. 

In driving a level by hand labour in hard ground, the first 
thing a miner has to do is to ‘ take out a cut ’— i.e. blast out a 
preliminary opening in the ‘end’ or ‘forebreast.’ The position 
of the first hole is determined by the joints or natural planes of 
division, which the miner studies carefully so as to obtain the. 
grentost advantage from them. 

Thus fig. 70 shows a case in which, owing to joints, .it was' 
advisable to begin with hole No. 1, and then bore and blast 2, 3, 
and 4, one after the other. The miner, as a rale, does not planv 
the position of any hole until the previous one-has done its work j- 

* Heiso, “ Fovtschritte anf dem Oebivte der eloktrischeu Zttuduiig v^H'. 
SprengMihussen,” Glu*'kanf. vol. sxxv., 1899, p. 437. 

t Heise, op. cit., p. 410. 
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in fact, he reunlivtes tlie ]iosition and depth of er.cti hole according 
to the jiarticiiliu- circninstancHiS of the case. 

'I'hoiigh a vein and its walls may be hard, there is occasionally 
a soft layer of clay (1) 1), 1)1), lig 71) along one wall {/Ug, 
(Cornwall; The miner works this away with the 

jack, and, after having excavated the groove as deep as possible, 
blasts down the lode by side holes, and so pushes the level 
forward. ' , 

In sinking a shaft, a similt'/ nicttiod of proceeding is adopted. 
A little pit, {ttiuli) is lilasled out in the most convenient part, and 
the excatation is w idened to the full size by a succession of hhnsts. 



Fui. 70.—AinuigeniPiit nf holes for 
(having a level liy liaial lahollr. 



Flo 71.—Driving a level where 
them is a clay selvage. 


eacli hole being jdamied according to circumstances. This series 
of operations is repeated, and tin’ shaft is gradually deepened. 


(2) Excavation by Machinery. 

One of the greatest imjiroveuients in the art of mining during 
the last, tliird of a oeutury has liecn the mtrodnetion of machines 
for ]icrforming the most laborious work in place of doing it by 
hainl. 

Tn workings ojien to the sky, steam power may he conveniently 
giMierated on the sjiot, hut for making uuderground excavations 
steam-driven machinery has so many drawbacks that it is scarcely 
over used. The choice of excavating machinery in many mines 
depends therefore upon tlio best means of transmitting power 
from prime movers on the surface. 

Tower for excavating machinery is transmitted in mines and 
quarries in tlirce different ways, viz., by air, water, or electricity. 

The transmission of power by compressed air has the advantage 
tliat the exhaust escaping irom the tuachines should henefrt 
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the ventilation of the mine; there is, on the other liaiitl, the draw- 
hack (jf very considerable loss of ])ower. 

In the case of water transmission, force i)um])S at the surface 
drive water thronjjh pipes to j)lae(!S uudor^rouml vvlirre liydraulic 
engines nre worked liy its }»}'«‘ssure, or water igider pressure is 
drawn oil in pipes from the rising inaiii of the jminps. In hoth 
these cases any subsequent fall of the. water, before it ])asseri into 
the Jiydraulic engine, adds its effoet to th^t jjrodneed liy tlie 
engine above ground or by the colnfr?* in the main. 

JI ulraiilic power has the gia^at convenience, therefore, that it is 
sometimes ohtainalde witljonl any extra plant being required. 
The water, after having done its work, runs out naturally if the 
workings are above an adit, bub lias to be puiiqittl up if tliey are 
below^ it. Hydraulic ])Ower has the disadvantage, when compared 
w'ith pneumatic power, of not ventilating the workings. 

Electricity generated by a dynamo, driven by any availaVdc 
j)ower at tlie surface, is very easily conveyed by wires to an 
electric motor nudergrmnid. <)iU5 advantage of electrical trans¬ 
mission, companul with that by air or water, is that it is innch 
easier to fix wires than ])ipo.s; wires ociaipy much less room, and 
do not snfler like pipes from inovcnicnts of the rocks due to the 
workings. Like W'ater, but unlike compressed air, electricity 
does not assi^it in ventilating the working plu(a‘, and in fiery mines 
there may bo danger from sparks. Comjairod wdth com[u-ossc(l 
air, an electrical plant is less expensive, and there is the advantage 
of a smaller loss t)f power in transmission. 

Tl[) to llic ]nosent time transmission by comjircsscd air has 
bcou far more largidy used tlian cither of the other two systt'ims , 
but the advances in eh‘ctric,ul practice render it likely tliat the 
newer uuithod will soon overtake the older. 

In the meanwhile it is neces.sary to describe some form of air 
compressor. A machine largely used is the lugcrsoll-Scrgeaiit 
compressor (fig. 72).* 

It consists of a piston moving backwards and forwards in a 
cylinder. The piston is hollow, arid on each face it has an annular 
H,valvc f>, 'J'-shaped^in section, lying in a circular slot concentric 
with the piston. A is a tail-pipe through which the air enters 
the piston ; E and G are the outlet valves for the compressod air; 
F is the cud of the pij>e which convoys the compressed air to the 
reservoir. As sliown in the figure, the piston is travelling for- 
W’urds, the valve E is open, and the fi‘(»nt valve J1 is closed; air 
entering A is ]»a8sing into the hollow piston and thence through 
the rear valve 1> into the rear part of the cjdinder. Tn order to 
* Mines and Miiurals, vol. xx., ISi'y, ]>. ^2. 
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keep the ends and sides of tlio cylinder cold, it h.as an almost 
complete «iitor-jacket, and a cnrrciit entering at H or K passes' 
around and leaves at I. ,1 is an oil bole for luljrication. 

Nowadays the work of compression is sometimes performed 
in two stages, gnd care is taken to cool the air from the low 
])reKsure cylinder liefore d, is further compressed. Fig. 13 shows 
a section of the Sergeant vertical intercooler. It acts after the 
fashion of a surface 'condenser; the warm cotnpressed air enteys at 
the top, and pass<w down anvi'md a set of vertical pipes through 
wh;(!h cold water is llow'"tg continually; it then rLses up and 
lea-es at the side 



Fib. 72.—IiigersolLSergeant Air Compressor. 


The machines used for excavating may be classified as follows:— 
(a) Diggers and dredges. 

(li) Drills for boring holes. 

(c) Groove cutters. 

{(1) Tunnelling machines. 

(e) Shaft-sinking machines. 

(a) Diij'jers and Dredfie ^.-—These machines serve to excavate 
comparatively soft deposits near the surface, or to remove over-' 
burden, such as sand, gravel or stiff clay, or to dredge up the' 
beds of rivers and lagoons. After a preliminary shattering by 
blasting, even hard rock may'be removed by their aid. 





EXCAVATION. 


73 


The best kno^^ill steam- 
diggers are Dunbar and 
]tuston’s steam navvy, and ^ 
the somewhat similar steam 
sb(»vels o! tlie Marion, 
I^ueyrus and oUier com¬ 
panies in the United States, 
Ir* ^‘ich case a steam crane, 
is made to bring a bucket, 
armed with tieth and a 
sliarp cutting edge, against 
the side of an excavation, 
draw it up, awing it round 
and drep its contents into 
a railway w’aggoii (tig. 74). 
Floated on a liarge, the 
atenm - shovel ia used for 
Bcoupmg np gold-bearing 
sand and gravel from tlie 
bods of rivers. 

bucket dredges, similur 
to tbe maebinoa used for 
improving harbours, are 
being used with muc.li sue 
cess for the purpose of ex¬ 
cavating the gold-bearing 
alluvium of river beds or 
river-flats, and especially in 
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Now Zealand Tlie action of luaciuiies of tins descii|il.ioii will 
be undoi-stood at once from the ligurc. An endless chain of 
buckets, supjiortod by a frame or ‘ladder,’ is made to scrape 
np the bottom, As a rule the buckets arc worked by a steam 
imgine on a barge, but fig. 73 * represents a <lrcdge which is 
worked by an electric motor driven by ])Owcr transmitted from 
a distance of four miles. The cylindrical soreon serves to separate 
large stones before tlfe gravel and sand are ptisscd into tbo gjold- 
•saving appliances. An important feature of the dredge is tin; 
tailings elevator, which lifts up the big stones and gravel after 
the extraction of the gold and deposits them on tlie side. This 
particular dredge has buckets of C cub. ft. capacity, and will 
e.xcavato 14.3 cub. yards per hour from a deptli which may 
reach 50 ft. 

The dredge shown in fig. 7Gt was built hy the Tlucvrua 
Company, of Milwaukee, AVis., and is .stqiphed with a Robins 
conveyor (see Chapter A'’!!.) foi- staekiug the buliiigs. 

The grab dreilgc, sometimes known as the clam-sliell dredge, is a 
scmi-cyliiidrical or a hemispherical vessel, wbicli is so contrived as 
to open when lowered, fill itself on touching the earth, and elo.se.as 
soon as it is raised. The raising and lowering are done by a 
crane. The I’riestman grab dredger (lig. 77) is one of the best 
' known : it has lieen used for excavating the auriferous gravel in 
tbo beds of rivers, and it likewise serves as a digging machine on 
land, and even for sinking shafts. 

' A third type of dredge may be described brielly a.s a centrifugal 
jmni]) arranged to draw up sand and gravel with water. It is 
placed on a barge, and the auction pijic can be lowered, raised, or 
moved from one side to the other, so as to attack any part, of the 
sea or river bottom. Machines of this description li.avo been 
employed for excavating gold-bearing sand and )jliospba1e of lime 
gravel. 

(h) Rock Drills .—We now come to the maidiincs which take 
the place of band labour iu boring holes for Wasting or for 
wedging. like the hand tools, machine drills may have a rotary 
or a percussive action. 

A motor driven by compressed air or electricity is often 
attached to a twi.st drill similar to the hand tool already described 
on p. 59. Fig. 7S shows the Jeffrey drill driven electrically. 

For working tlie Cleveland ironstone, a more powerful machhie 

“ Haves, Jlcport of the Diparlmcnt of Mines on, the Goldfehh of Neu 
Zeatami for the Fear lllUO. New ISvalaild, 1901. 

t Mvnes and Miiurals, vol. xxiii., 1900, p. 270, 
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oinplovocl. Fi?;. 7‘J " blunvs one of theao drills. A is the 
electric; niotor; J>, hollow tirin with a shaft, inside driven by A, 
anil wovkiiif; the bevel wheel 0 by snitahlo gearing; I), twist 
drill; K, souket fur the drill; F, universal joint eonnectirig the 
feed screw G to the drill socket: II, feed nut. 'jhi; weight of the 
electric motor counterhahitice.s that of the drill and gearing. 

The Brandt hydraulic boring uiachiiio.t ttsetl with great 
success at the Siinjilon Tunnel, is a hollow" rotary tirill, through 
which a contiiuions stream of waffll is forced in order to wasli 
out I he dc'bris. 



Fio. 77.—Pridstiii.-iu Giab UredgiT, Nrclii river, U.S. Coloiiihia. 


Two small siu{|le actiug watei'-iiressurc engines (tigs. 80 and 
81) drive a small shaft with a worm gearing into a worm-wheel 
y; this is mounted upon the shell, B, of a hollow ram. S is a 
differential piston attached to the envelope or casing holding the 

* Straveiisoii, “On thn System of woikiiig Iron Stone at Lutufuey Mines 
hv Ily.lrimlir. DnlK,’’ Tnif. iV.A'. /n.ct. M. and M. Einj., vol. xxxvi. 
(i88S--87), p. 67. 

+ 0. IJ. Fox, “ The Con.structiou of tha Simplon Tunnel,” JVcK Inst. C.E., 
vol. cxk, IPOO, p. 268. 
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: :is l.ho sliell ^revolves it carries the ram around hy the aid 
of a featlien wiiilst at the same time tlie ram is freemove 
forwards or Imckwards in the direction of its axis. The casin;^ 
Iioldin<^ the shell is coiniectod to the hcd-plate of the motor by a 
vortical hiiioe and pin, 7', and tlie whole is ‘sup[)i)rtod <»n a 
hori-iontal strofeher-har hy the clump V. 'J'he bat is earned upon 
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Fns. 80 aiiil 81.—liraudt Hydraulic Urill. 

a special carriage running on rails in the tunnel, and is jauinicd 
tightly against the sides i)y hydraulic pressure. 

The actual drilling tool is a hollow steel tube armed with teeth, 
which, while it revolves, is kept tightly pressed against the bottom 
ol tlio hole by water under a pressure of 30 to 80 atmo.spheres 
being let into the space in front of the piston S. At the same 
time the small central pipe (fig. 80) leads a stream of water to the 
very bottom of the hole; this wasfies out the debris and keeps 
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the tool cool. A very im])oi'l;uit feiitiirc of tjic drill is the pre¬ 
vention of dust, uiiieh is so exceedingly prejudicial U) health. 

'I'iiri percussive drills arc de¬ 



signed with a view of carrying out 
nieeliariieally Uio two principal 
operations of hand work—viz., the 
blow and the rotation, whilst the 
advance is cffoctod by hand. As a 
7-ule the percussive drill consists of 
a eylnider witli a piston, wliieh is 
moved haekwards and forwards by 
comiiressed air or electrically; the 
cutting tool or chisel is either 
firmly fixed to the iiiston rod, or is 
hammered Viy it. 'flic rotation is 
almost always effected by a twisted 
or ritled bar witli a ratcliet wheel; 
and, in older to keep tlie machine 
eonslaiitlv in tlie jiroper jiosition 
for work, it is fed forwards upon 
a cradle by the wairkman bidiind, 
wlio has merely to turn a. handle, 
and so cause a screw to revolve 
inside a big niit attached to tlie 
uiaeliine. 

In an elementary treatise it is 
(|iiite unnecessary to do iiny'e than 
(ie.scrilio a few drills as types of the 
classes just nuiutioned, and 1 will 
lust refer to throe which are driven 
by eoinpresscd air. 

The Sergeant drill has the pociili-- 
arity of having two valves, a main 
valve and an auxiliary Valve; the 
l.atter is moved backwards and for¬ 
wards by iuolines or shoulders niion 
the piston; and, by controlling 
certain air-jiassagos, it causes ditl'er- 
eiices of pressure whicli drive the 
former. 

In fig. 82, a is the cyUnder, 


h the piston with an annular re¬ 
cess turned in if presenting two inclined shoulders; c is the 
valve-cliest into wlBch the ’ compressed air enters from one 
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of the sides; d is tjje main valve, and as it moves to anil fro 
it alternately places the port e or / in communication with 
the exhaust g ; e leads to the port h and to the front end, 
and f to the port i and to the rear end of the cylinder; j, the 
auxiliary valve, is a slide valve made in the form of a seg¬ 
ment of a circle, and having a recess in one ol^ its flat faces. 
It is slightly longer than its .arc-shaped seat, so that one 
end of it always ]irojects into the cyhiulcr. The jirojecling 
end ol the valve is caught liy the cot^sponding shoulder of the 
piston as it passes, and it is thus being constantly knocked 
hackwiirds and forw.ards. By means of its recess this segmental 
slide-valve puts the ports and t alternately into communication 
with the port ui, wliich opens iuto the exhaust. The port 
/f h>ad.s to the front end of the valve-chest, the port I to the 
rear end; conseiiuently the two end.s are being alternately 
placed in communication with the exhau.st. The cumpresscd 
air leaking jiast the pistoii-liko ends of the main valve escapes 
into the cxliaust .at one end of the valve-chest, but exerts a 
pressure at the other end where, it is confined, and so throws 
the liiaiH valve over, changing the direction in which the air is 
being admitted into the cylinder. The piston makes its stroke, 
knocks over the auxiliary valve, which in its turn releases 
the pressure at one end of the main valve and causes it to 
move across once more. 

The rotation is effected by a rifled bar, n, .as usual; hut 
instead of tliere being a ratcliet-whccl fixed to this bar with 
pawls outside it, as in lig. 85, there is a rateliet-wheel o, 
witli internal teeth and a smooth exterior, the pawls being 
pressed out by siirings, p. So far the action i.s very like 
that of other drills, save that the pawls move round inside 
the wheel, imstcad of the wheel moving round under the pawls. 
The speciifl peculiarity of the Sergeant rotating device i.s 
the mobility of the wheel if the drill jams in a hole. The 
ratchet-wheel o lies loose in a recess hehiiid the cylinder, 
and in oniinary working is pressed sufficiently firmly against 
the end of the cylinder, by steel cushion springs, to make 
the piston rotate witliout turning itself; Imt if for some 
reason tlie borer jams in the hole and causes a strain ujion 
the rifled bar, the wheel is cajiahle of turning and so preventing 
a breakage. 

The feed as usual is by hand ; g is the handle working the 
feed-screw r in the foed-iiiit .'. 

The Franke drill (tig. 83), in which the piston rod hammers 
upon the cutting tool, is the smallest and lightest boring 

6 
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macliino in actual use, Ixicause it wei^'lis ci,)Iy lO lbs., including 
the b(-rer. Jloth iji Ins drill and in bis nicc-banical cliisel, 
winch will bo mentioned later, Fraiike ado])ts the princijdo 
of doing the work by a, light blow rejieated freijncntlv, instead 
of a heavy blow at less frcspienl jnteivals. The machine is 
|u-actically a |meuinatic hammer whicb strikes the head of 
iho boring cliisol. The borer is made of round steel 4 inch 
in diameter, with a Z sltaped hit one inch wide. The number of 
blow's has not been detHi’^vnod exactly, but. it jirobalily rea<'bes 
8000 to 10,000 per miiiiite. I'lie machine is used witliout 
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any stand, and is simply lield in tlie haud.s as sliown in tigure, 
m which the man in a kneeling posture is Ixa-ing a hole for 
blasting by one of tbe little maclunes. 

Among machines of tlie Hammer Action class may also bo 
montioued the Leynor drdi. wdiieh has met witli a considerable 
amount of success in Colorado. Tbo piston, driven by com¬ 
pressed air, has a stroke of .T in., and the end of tbe ])iston 
rod is t-onliTiually liammermg on to the end of the boring tool; 
this latter is ludd in a hollow chuek wiiieh is earned round 
hv the ])istoii rod when it ndalos under the action of tlie 
usual rilled bar and ratchet-whool. An imijortant feature of 
the Leynor drill is the wUtcr flushing arrangement. A small 
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pipe convoys water fe'onii the roar of the eyliialov ri^ht tlirou}ji:)i 
the pisOni and piston rod int<» the ehnok, wliotn*o it ]»ass<-s into 
the liollow drill; the cousofpieiioe is that the })oUoiii of tlie iiole 
is kept clean and no dust is i'onued. 'I'lns latter advantage 
is of the greatest iinjiortaneo from a hv;jioiije ^loiiit of view. 
^^'ater under pressure is ohta,ined from a small tank wliiidi is 
pnl into comiminication hy a piece of hose with the eomprossod 
air nvdii. The general 
a])}»eaiunr(' of the drill 
is sliown ni hg. S1. 'I’lie 
small hose In'ings in tiie 
finshing water, the 
anionnt heinn controllod 
hy a little liandnheel. 

Tiie large hose .su]»pli<'s 
flu eoni[)resved air. \ 

LoyiuT drill witl) a 
oUmdrr three niches in 
^li.uni‘te^ w'*’ieh'< only 1 no 

lbs 

TIm- elect no percusvive 
drills in use at mines 
and quarries may Ix' 

'livided into tWi) clas'^'f' 
aeeoiding .h the tool is 
aeluated liya S'-JeiKud oi- 
is driwai JOechauically. 

The Maryin drill is of 
ibe former Upe, and its 
action is basi’d upon the 
fact that a spiral eoi1 of 
wire assuinoH magnetic 
pr<.t])c*rties when an Piu. 84. - Water br-ym-r Ihivk Diiil, Ahidcl .0, 
eleetrie ciirrent is passed laouuted oa timmd column, 

throngli it, and becomes 

capable of attracting a bar of iron placed in a .suitable positb.n. 
The actual working parts of the drill are shown in fip. So. A 
and B are two hollow coils of copjmr wire (solenoids) tbiough 
which passes the rod or plunger 0KJ>, a solid forging of .soil 
steel. At tlm end C’ tlieu’ is a socket for reoeiying tlie Uiol, 
whilst the uid H is rilled and imgageR with a rifled rod attached 
to a ratehet-wliecl, which eOects the rotation in the usual way. 
A current is led to tlic drill by a (^iblc witli three wires, and 
by means of a very simple rev<dviug armature ou the dynamo, 
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it can 1)0 nwilo to ])a!is, first through one solenoid, and then 
through the othci'. Su|iposing that the current is [lassing 



through the front solenoid, this becomes magnetic and draws 
the iron cure forwards, ajid so causes the tool to strilie a 
blow. The current is then reversed by the revolution of the 
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arnjature, arid flows* into the solenoid !>, wijich in its turn 
hccofries mapjnetic and draws tijc iron l>indv, for A has lost its 
rnaj^netic ]>ower. The rear end of the rod C I) is made to 
foinpress a K])ring, and so store u]) foree 


uliieli IS utilised in increasing the strength 
of the forward blow. 

Th(‘ drill, making dOO strokes a minute, 
issauLto bore in granite at the ral(;^ol‘ 
two iuoiios a minute. It is in iiso 
quarries, but. owing to its weight, it has 
not been much employed underground. 

In the Siemens and ilalske drill 
(tig. 8G), the eleetrie eurrent dn\e.s a 
motor «'neusf;d in a strong box placed upon 
the ground, tiie a.xle of which, by means 
of liexible shafting with suitable gearing 
and a crank, will impart a riM-iproealing 
hmiion i<>lh<*<lnli holder. Thethinhior 
d‘ dl is similar. 

(Inanh' CfiJtem. 

The first machines for cutting grooves 
\er\ naturally imitated the miner’s tool, 
and Were simply meehanieal picks; Imt 
siin-e I hen many other groove cutters 
have been invented whieU are based upon 
diflereiit principles. 

Tlu-y may be classified as follows ;— 

(,0 M (ichauical chisels and rock drills 
--a. (biided by liainl. ft. Travel¬ 
ling on bars. y. Mounted on 
(carriages running on rails. 

(//) (hrcular saws or disc machines. 

(c) Kndlcss chains with cutters a1- 

tJKdied. 

(d) Wire saws. 

(c) Jtevolving tootfied bars. 




(a) Mechanical chisels, etc. a The Sergeant macliine (tig. S7) 
is a strong rock drill with a chisel bit, which chips out a groove 
as a carpenter might cut out a mortice. ^I’he chisel does not 
rotate, 'riie machine runs on tw’o yvheols and is dij'ectod at 
pleasure by two handles behind. 'J’lie Harrison and JSullivan 














EXCAVATION 




an' siitiilftr ; Uioy arc nil sometimes called ‘ j)uncliera,’ 
Lilt more ofii'ji, ‘|>ick ina' hiiieb/ Fraiikc’s inecliamcal cJiisc! (%. 
H.S) robcrnMcs liis drill ^avo tha( the rotating devicir is omitted. 
It is Itasod upon the principle of stiikinij a very large uumherof 
short and light blows, at least s(‘veral tlionsand ,a jninute, iifion 
the <‘liif>piiig ton}, ami reseiul-les some of the ]nicuniatir caulking 
and seulpt'iring buds. Jt is employed a! tlic Maiisfeld copper 

/i A groove may he made by bt^iiig a succession of holes 
inimediatcly touching each other, or sejiaralcd by small partitions 
winch are broken oil' afterwards by a hlunt chisel {Irroarfi). 
Most of the lock drill companiea sup}>ly special (piarry-bars or 
frames, uj)<»n which the ordiiiary boring machine (‘an be moiiiitcd 
and made to travel, and thus cut a groove ahuig any re(iuired 
line. Fig. shows tiu higorsoll bar chmuieller in use at the 
<)ak(dey Siale Mine in .V((rih Wales. 

y The Wardweil Stone Ciianmlier (fig. SD) is perliaps the best 
known mncliine in this siibdiviMon of tlic class. It reaeiuhlesa 
loeomotivc, as it moves upon rails laid down in the (piarry; tiie 
steam engines whieh it carries lift junijiers np and down, and 
theMi'cuL vertical grooves as the whole maehinc jiropeJs itself 
a'ong. 

(A) (.’ireular siiws are largely employed for under-cutting coal, 
and they also render a.sefu] seivice in rock .salt mining; they 
arc oft<‘n called ‘disc maidime^.’ A circulai steel plate armed 
wiilj removable teeth on its porijihery is made to revolve by a 
bevel pinion with teeth gearing into slots on the di.se. The 
pinion is driven by a ]iaii' of small compressed air engines or 
by an electric motor. As the j)in round which the disc, turns 
is supported by a thin bracket, the depth of the saw-eiit may 
be made to approach the diameter of the di.se. d'he maeliine 
is made to draw itself along by turning a drum and s«) coiling 
up a small win.' rope one end of whieh is duly anchored. In 
this manner the machine will travel fr<»ui one '('iid of a long 
woi'king face to another, and it is eminently suited for work¬ 
ings of this deseriji^iou. 

(c) From the circular saw one passes very naturally to an 
endless ehain armed with teeth. In Ihc Jeffrey coal cutter 

(fig. 91) the chain travels round a frame shaped like an 
isosceles triangle. The base of the triangle is brought up 
against, tiie fac?b, and while the chain is travelling the whole 
franu' is fed forward automatically. Ft makes a cut 44 in. 
wide, and when, the cut lias been, carried in 5 ft., the frame 
' From a jiliotogiapk bv Mr G .T Williams, H.M. Inspector of Mineb. 
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is wiUidra\Mi and tlic whole machine shifted sideways. Jt 
now makes a second c<it adjoiimi}; and parallel to the first, 
and so on. 

(d) The most iio\el method of cutting stone is one which is 



Fnf. 89.—Waniivell Stone Chamicller. 


in use at marble quarries in Belgium, Carrara and elsewliere. 
It consists in sawing grooves by an endless cord, composed of 
tbree steel wires twisted togetbcr, which travels on the rock, 
and is supplied with sand and water. 

Fig. 92 represents the arrangement adopted at the Traigneaui 



EXCAVATION. 


89 


Quarry, near I’Jiilfppeville, Belgium. A, 1!. C, P, K, ]>', is the 
wire cord travellinir in the direciion shown by the anows; C 



Fig. 01.—Jfclliey Chain Coal-cuttiug Machine. 

have been running along the line IJ; the groove is gradually 
deepened until it reaches the liue'Kl.. 'After suitable veltiea! 
























Fi(i, D3.—Mfullou Slate Qn.iny, Labassyre, n<-ai lUgueics-ile-Bigoirc, Franco, 
where verticul and horizontal ruts are made by the wire-saw. Tlic 
horiz»)ntal cuts in the picture are covered by rubbish.* 


* From a photograph by Mr <J. J. W’^illiains, ll.il. Inspector o( Minos, 
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oiti[)l(tyo(l in rTci'ifiany m snino sinkniixs llirouiih qnioksiiDt] ; the 
luacJiiitcs are Imi; revolving heoupH, and sevoral ingoiii(fUS con- 
fcnvanee^i have l>een ^(‘signed fur 
jirotiiuting t lie speed and sueeess 
uf tlio u|HM-ati<nis Large p(‘i 
cussive u»ols RiMiilar in action In 
Ibfise employed ni ('xploratorv 
boiings, enable siiafts ill fi,. in 
<lj.inicter to be excavated thiungli 
watery strata vviUiout any jaiin])- 
ing beingrcipured, and tlie names 
of Kind and ('baudron will al 
ways ln! as.surinted witli this 
mctbod (d sinking. 

Sutclill’e advu<-afes tlje use of 
a inaebine vvliicli will cut a cir- 
eidar groiA’c, round tin' ciieum- 
lerence of tiie [jrojiosed shaft, 
just as Stanleys maehinr cuts 
a groove for driving a level. 

AVlien once a jieripber.il groove 
lias bei'ii iiuide, it is easy to lilast 
away tlic core. 

Pn'Ujo! L'‘i'rh' ■nil? S'/i/fii/nj F] 

S/o/f/s A// A*o'-/r/b-/7/s.—Where 
rock drills are employed tliesbot 
holes aie not necessarily arranged in llu* manner tbey would be 
in the (‘aso of hand labour. Less attention, and sometimes no 



Fro. 96.—Slanloy’s Tumujliiiig Mai hint. 


attention, is paid to nainral joints, because the work is carried 
on according to a definite system certain of eflectmg the desired 



e. aS.—Ju'pl.u.ialo Timib oi 
('utter of Hurd’s inacliinc. 
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result. It, ia true th.ut mure bulcs luive to Ve bored tbau in 
the ease of hand biliuur, but tliis is a mutter of amall im¬ 
port,anco. Wlieii uuee the drill is iii its ])laee a few e.\t,ra holes 
can be bon'd with very little trouble, and the uiaiii corisideni- 
tioiia are eeTtainty of action and speed ordriviiif;. 

A eomiuon tnoile of clriviuo in hard around is shown in figs. 
97 and !)■''. T'oiir centre holes are bored about a foirt a.]iart at 



Fins. 1)7 and its.—,\li-lli.„l r,f placiau t ,,i, \ilien diiviiii,' a level 
bv lilaetiniel}. 


lirst,, but eonvenrnii; till at a depth of 1! ft. they are ttithin 
0 in. or less of each other. 

Other tioles are then bored around them until tlie end is pieroeil 
hy twenty or thirty holes in all. The four centre holes are charge'l 
and fireil shniiltane'Ui.sly, either by electricity or by llickford’s 
instiint.ineoits fuse, and the result, is the removal of a large core 



Flo,-'. 91) mid too.—i'laii and .sretioii .shtniiiig inetliod of ]ilacn)g ln)relioIe.H 
wlieii sinking a sliiiffc by iiiacliiiiory.* 

of rock. The, holes round this preliminary opening are then 
charged and fired, gctierally in volioys of sever,-d lioles at a time, 
and the level is thus carried forward a distance of 3 ft. If huge 
holes are hored, and if the ground is more favourahle, fewer will 
be required. 

In the case of shafts the method of procedure is similar. 

Figs. 99 and lOU are a plan and section of a shaft which w.'ia 
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Riink at tilt! Fuxdalr mines in the Isle of Man. About forty-five 
holes were drilled at tlie bottom of tlio sliaft before the drills were 
removed. Twt. of the holes (A and B), and oeeasioually hmr, 
were bored only 4 ft. deep, and were blasted with ordinary fuse. 
Thev simply served to smash up and weaken tlic core ; then 
the six holes nearest the eenire, which were 5 ft. deej), were 
blasted all to^etlior with Bickford's instantaneous fuse,,and the 
result was the removal of a large core, leaving a deep ‘sink.’ 
The remaining Ik'Ics were tircii m viib,(*ys of four at a time in the 
ordinary way. 


(3) Special Methods of Excavation. 

'I'hose are tliroc in number, viz., l>y heat, by solution, and by 
a jet. of water. 

'rimugfi hard ground is almost inv.ariably nowadavs attacked 
In' ])oring .arnl Idastinu, tbe \cry ancient proce.ss of lire selling is 
not quite oUsoletc. 'Phe cll'rct of a lire is to make a rock split and 
crack, and render it easily remo\ab]e by tlie ]>iek or by wedges. 
Beft re blasting was known, lire setting was largely employed; 
but its use is now confined to a few jilaces where the rt)cks are 
exceedingly hanl and where wood is abundant and cheap. Biles 
(U' woC'd are heaped nj) again.st the fat'o of the working and set 
on fire. On r.uurning to the working place after the rocks have 
cooled <a little, it is found that the giouiid has R])ht and flaked 
oft', and that much is loose enough to be worked away by the 
[*ick and wedge. 

In the exceptional c.mo of frozen strata, such a.s are found in 
Siberia and tlie Klondike region, tire is emjdoyed as a thawing 
agent. Billets of wood aic placed upon the site of the jiroposed 
shaft and lighted; the heat softens the frcpzen soil, and makes it 
easy for the miiuir to excavate his pit for a few inches ; by repeat¬ 
ing the process, he eventually sinks down to the auriferous bed. 
I’ursmiig Ids drivages along it by the same method, ihc Klondike 
miner gets out a store of gold-bearing gravel. Another method of 
thawing is to use stc;ini. A boiler is erected at the surface, and 
steam is conveyed close I'o the wui'lting face by a jiipe to which is 
attached some flexilde hose. One end of the Imse is ]>rovided with 
a short piece of iron pipe with a small hole at the end. 'riio pipe 
is pressed against the frozen strata, and the warmlh of tlie issuing 
steam soon enables it to be pushed in foi‘ 3 ft. or so. It is then 
left, and after the lapse of a few hours the ground around it for a 
distance of some feet is thoroughly thawed and rendered loose. 

Soluble minerals of economic value are not vciy common. The 
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ilisKolviiifc process is aiijilicd particiibirly iu the case of pettiiio 
salt, not oiilj iu (his country, but also in Ausiria, tlennany and 
Switzerland. In the. .Austrian Alps there, are thick lieds of saliferous 
marl, and the proces.s of workiiui the d('|)osit consists in excavatni" 
lari;o chamhoi-H and briuoing in water. The salt is dissolved and 
the brine is piped away to lie evaporated. 

A big jet of water under pressure forms a very [loworfid e.t- 
cavating agent for comparatively soft strata, sueh as beds of gohl- 
or tin bearing gravel: and very considerable use is being made of 
tlii.s process, often known as hydraulic mining, in tlie United 
States, Canada, Australasia, the Federated Malay States and else¬ 
where. Fig. 101 reiiresents two gigantic nozzles or ‘Monitors,’ 
from whicli are is.sumg huge jets of water; these .are washing 
away gold-bearing alluvial gravel. Tbo beigJit of the bank 
from the bottom of pit to tlic top is ,‘50U ft. and .somelime.s 
more. 

In fig. lOd tlie rock wiiich is being washed away is decomposed 
auriferous slate, and not gravel. 

Tlie pressure is olilamed naturally or artificially. It is especiidly 
in I’alifornia that huge re>servoirs liavo licen constructed for the 
purpose of impounding large volumes of water at suibible eleva¬ 
tions above the gold beds to be worked. H is oftmi im|iossible to 
do this without going to a distance, and then the water has to bo 
brenglit to the workings by means of ditclies, trouglis (Jlunif/t) 
(tig. lOH*; or pipes. 

Tlie water-course terminates in a bo.v, wlieiieo a big pipe is 
carrii'd close to t.be bank of gravel to be excavated ; a movable 
nozzle enables the jet to be directed as rei|uire(l. 

If no natural fall exists williin a reasonable dislanee, steam 
pumps can be made to rai.se the water into a reservoir, or to 
deliver jets of water directly (viih- also Cliaji. VI.). 

* Brook, “Notvs trom the Atlin Lti-stiiet, ilritisli Columbia,’’ Any. A/in. 
Jouni., voi. Ixxiv., 190‘2, p. 707. 
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Fra. 103.—Flame for Consolidated Spruce Creek Placers, Atlin District, B.G. 










CliAPTEU V. 

STOPOEl'. 

Ex<’\vai’Ions iii liard ground will fiYquontly stand without 
aiiv props whatoviT for an time, hut the niiucr has 

generally to deal w'itli rocks which sooner or lat(‘r givt* wav unles-i 
supported. The ordinary niethods of sup])ort will hist, he dealt 
with, and in conchiaion certain special nioth<Kls will I'C described 
brietly. 

The common modes of si'curing mining excavations may be 
classihed according to the mateiials used, vi/., timber, masonry, 
iron m* steel. 

(!) Timber. 

For reasons of eeonoiny, the miner naturally obtains his timber 
from forests in the neigiibourhood if possible, and when obliged 
to resort to other distritds or other countries for supplies, his 
choice depends largely upon the cost of freight. 

1 wdl briefly point out some of the principal kinds of timber 
used in the five ipiart.ers of the glohc. 

Europe |K) 9 SOSSoa many useful conifers such as th(‘ larch (/1/ucs' 
tarix or Lanx Kuropa-a), Scoteli fir {rinm mU:>dru, L.), uud 
Silver fir {Ahie» ividirnda, !>.(-.). <hi the Meditermnean one 
finds tlio maritime pine (rtmin 'mariiima) and tlie stone pine 
(PimiiJ pitifa). The spruce fir {Ahie>i i-xrelsa, D.C.) is far less 
suitable tlian larch or Scotch fir, and shoiiM not he employed 
wliere great strength or durability is required.. 

(tf the hroaddeuved trees, tTic oak {Quercus rohir pedunrulata 
and QuciTUfi rohnr itesdliffora) has long claimed the first ])laco for 
durability and strength. In wet places its claims are justified; 
on the other hand, in the dry had air of some mines it has to yield 
the jialm to the acacia* {Hohinia pi^mifo-acana). This is a tree 
deserving the special attention of the miuer, as it can be growm 

* Kuuscli, “ Aliazu'iihulz (Robiiiien) ah Zukunfti>liul/ fur d<*ii Berghaa,* 
Qlucknvf, vol. xxxiv., 1898, p. 842; JOidam, vol. xxxv., 1899, p. 204. 
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aj)on very ])oor soil and is cajjable of yieldinj^ useful prof)^ after 
the lapse of twenty to twenty-five years. 

Beocli {Fa(jm st/h:aiira, L.) tliough in no way equal to oak (»r 
larch, has been too much ne'^lected by the miner. The c<* * * § Uiery 
ow'iierh of Northern Prance find it profilahh^ to emjiloy alder 
{Alfina /////fmos-rt), aspen {Popidu,< fyrm.nln), birch (Jidida ali/a), 
eheri’y {(■(‘roans ronnnnuis), and hornbeam {Oarjdims hehUns) 
for sypporting imrpuses, in afhhtion to jane and <»ak. 

Jn Nikrthern Asia the miner finds ^stores of })ino ready for his 
use, aial judging by th(‘ haig lists (*f trees mentioned by Mr 
James (rrundy * and Dr F. H. Hatch f there is no lack of suitable 
])it timber in India. For all special work such as shaft frames, 
where durability is all-important, teak {Tedona (jramiis, lann.) is 
employed with advantage, d’he princijial kimls of tirnlx^r used in 
the Mysore mines arc Fnijni (Hvpca ■parcijhray l»edd.) and Irul 
{Xijlia (iolahrifonnis, Benth.). 

The most imj>ort{uit mines of Africa are in the southern jiart of 
the continent. 1 learn from my friend I’rof. bawn, of Kimberley, 
♦ hat native timber is used to some extent iu the diamond mines. 
'J’he commonest kinds are named in the table below. 

NaIIVK TiMHEK U.SED Ai‘ IvlJlUEllLEY DlAMONU MlNEs. 


Miiici’s Name. ' Popular Name. 

liotauical Name. 

YclldW Wood. + 

[\‘<'ir Tree. § 

Iron Wood, li 

i Ouh'jiiqua Yellow \V<»fn1. 

) Upright „ ,, 

\ Wliitc I’ear. 

•Hard 

( Mountain ,, 

1 Black Iron Woo<l. 

[ While ,, ,, 

Podo^arpus olougata. 

,, latifi'iia 

\podytes dimidittlA. 

Olinia cyinosa. 

(Uthastrum Capense.. 

Olea hiurifolia, 

Tod<lalia lance<dala. 


speaking generally, the rocks of the South African goldfields are 
hard and require but little timber for the purpose of sup|K»rt. 
Among the liomo-growu limbers ifted for pro])s may be mentioned 
black wattle {Acaria <k('if'n'enH) and blue gum {Evrohjpius glohuhia), 

* Report 071 the Lispedhm of Mme.'i m hflia for the Viar eiutimj SOth June, 
1805. Calcutta, 1890. 

t “ Tin? Kolar Goldiicid,” Jfm. Qeol. Survey India, vol. .\xxiii., Calfutta, 
1901, p. 58. 

+ Much ujjed luuleri'round. 

§ Used und<‘rgiouuci. 

I! Used underground, but not sd much as y<-Uow' wood and pear tre(<. 
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(!aiia(la fii\d Uio United States, though graduallj hming soino of 
their cnorniouK weallli in timt)cr, are still well supplied with inauy 
kinds of eonifei-s suitahle for mining purposes. The Douglas pine 
(PxfiMiliitmijti Doujjiasii, Carr.), often railed Oregon ]iine, is ex- 
porteii in large quantities to Austr.ilia and the Capo. It. is a 
boautifulh' straight grained, readily worked wood; hut it. easily 
takes lire and has lieen the cause of serious underground cinilla’ 
gratioiifC osjieeially at the lirokeu Hill mines in New South Wales. 

Our Australian colonies^ are specially marked hy being the 
home of various kinds of eucalyptus. Two that are particularly 
durahle are jarrah {Kwalyptus marginata) and karri [I'liu-alyptus 
iJiver-dmlur), which have hoen einjiloyed tor shaft frames. 

Iron huA. {Kui-alyptntir.ivlira, F. v. M., and Evi'alyptus Im-ojrylon. 
F. V. M.), is a naino given to more than one species of eucalyptus 
used at mines. 

New Zealand bo.asts of the niagnilieent Kauri jiine (I)imniHtm 
Aimb'iilu), which is far fi'om being its only mining timber ; and 
parts of Tasmania, owing to their moist climate, are well supplied 
with forests. 

Timber may bo affected both by animal and by vegetable pests. 
In this country a considerable amount of damage has boon done 
to mining timber hy two boring insects—the wood wasp (Eirex 
i/igan) and the steel blue {Sirex juncnrus )—which continue their 
ravages even after the props or frames have been placed under¬ 
ground. 

Home collieries in (ierniany have been troubled by a siiiall 
weevil which weakens the jmqis, or indeed renders them quite 
useless by its indefatigable burrowing propensities. The white 
ant, the great enemy to wood m the tropics, will attack many 
kinds of timber in dry parts of mines, and countless hordes of this 
winged pest are sometimes seen in the parts of shafts above the 
adit level, ready to carry on their destruidive labour and speedily 
force the miner to put in a new lining. 

The ravages of animal pests, however, are not to be compared 
in amount to those of the vegetable organisms which produce the 
decay known as ‘dry rot.’ The siiores of a fungus alighting upon 
the mine timber give birth to anvliito feathery plant which spreads 
over the surface, or liangs down in long festoons in pl.acos whore 
there is no traffic. To use a common expression, the fungus 
“saps the vitals” of the limber. Tn the course of a few years or 
even months, hard wood becomes converted into soft tinder on the 
outside, and tho decay proceeds insidiously, until at last the prop 
is utterly incapable of sup|iorting its load and gives way under 
its burden. 
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Much luay he clone by the inhior to counteract the two kinds of 
haiioful iniluences just mentioned. Kcllino: at the proper season, 
wlien the trees have the least ainoiuit of sap, and sousonint:, 

will greatly increase the life of timber; ami its resistance lo 
animal and voi;('tahh' destroyers may he further inereased by 
vari(*ns pn^servative devices. Amoni^' ihe.se ma\ be mentioned, 
soakiiij^ the timber in, or completely impregnating it with, 
antiseptic metallic solutions such as comiufui salt, .sulphate of 
iron, etc., and chloride of ziiie. Paiiilinj* the timber with a tarry 
liquid, known as ‘ carholineuni avenarius,’ is a remedy well spoken 
of ill (lerniMTiy. The ‘soligimm’ and ‘jodelitc’ of this country 
are similar to carholineiim. Tlu* expense of using a good jiro- 
servative is generally fully rcqiaid by the decreased c<»st of rejiairs. 



Kio. 104. TuulM-iiiig in a level Koj. 10;» '—riiiibcnngui a h-vcl 
with a strong mof. with roof and one side wrak 

In addition, there is sometimes greater security to the miner, 
owing U) the intiauiinability of the timber being diminished by 
the treatment. 

Timber is used in various forms; the trunk is Rometirnos 
merely sawn into pieces of suitalilo lengtli, or it may bo hewn 
or sawn into square balks, or sawn in half, or into planks of 
diiferent thickncK«ins. 

'l*he tools used by the miner for'shaping the timber are the saw 
and axe; in addition ho requires a measuring staff, a sledge or a 
wooden mallet for driving the timber into its place, a hammer and 
a ‘moil’ for chipping out recesses or nichcR (Jiitchea), a plumb line 
and a level. 

The principal kinds of excavations in mines are levels, shafts and 

■* Jhe Verhandlungca und Untersudm'ngfn dir Vreimischni tiichi und 
Kohlenfall-Commission, II Ileft., IVilm, 1902, p}». 192-199. 
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working j)la,c(.i!i. Tlie im'tli(pds of limboriiiga l(!v.‘l varyconsidcralily, 
tiocaiisc Uio parts ri'(|iiiriiig support loay bo either tlie roof ali-ne, 
or the ro(tf and one or two sides, rtr the roof, sides and bottom. 




SUPPOllT. 


105 


sklc n'(|iiir(; suppc/it. In fig. lOG the soaiii of coat i.s fairly tliick 
and tlio excavation alt'ords room enough for a roadway ; tint in fig. 
107 I ho seam is thinner and part of the side has to he ent away 
in order to ohtain the necessary .space The pressni’C of coal raa^' 
he so gloat that some of the pieces of Limber may require struts 
to prevent them from yielding (tig. lOS). Where the lloor of a 
level is soft and weak, a sole piece or s/// becomes nocessaiy. 

liwMime large veins in Queensland, with very considerable roof 



pressure, the iqiright supporting (pieces have been rcpl.acod with 
advantage by hollow square pillars built up of logs placed two by' 
two crosswise. 'I'he.so columns, either loft hollow or filled with 
rubbish, and known as e/mefe and ew/.s in this country, and as 
piijdieti in Australia (fig. 1'09), have tar more elasticity than a 
single prop, and olfer a greater supporting area. This method of 
support rtKpnres a great deal of timber, Imt it has the advantage 
that small logs are inexpensivo and easily handled. 

The timbering reeptired for shafts varies according to the 
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iiiiliire of tlio pji'omid and tlics size of flic oi'isivalioii. A more 
liiiiiio of planks sol on llioir (‘duos and eliooked to^rlljer (fin 1 fO) 
Kiitlicfs for small sljafLs, conior-pieces lioiiif? ntiiled on so ns to 
kee]) tin' snccessivo frames tooelliev. 

Tlie iiMiiil inetliod of sccnrinp shafts is hy fetx or fnimi'S. Kach 
set consists of foni' |ii('ces—t wo lonner, called imtll-'jilalcs, and two 
shorter wi 08 , called nnljiia-fs. They are joined hy hinii>ly halving 
the timher at each end as shown at Hg. 111. A more couijilivatcd 
joint (fig. lid) IS often prefurred. The, w parate frames are kept 
apart hy distance jiiecos (ftiiihUcf, Cornwall; joi/x, Flintshire; 
pos/f, United States), and loose ground is prevented fi'Oin falling in 
liy hoards or poles outside. 

When the end pieei'S carry the wall (ilates they are soinetinies 
made long enough to projiait a foot or IS in. heyoinl them, and rest 
ill niches in the rock. Dnriug the |)roeess of .sinking, the last 
frames ,iro tomporanly hung from t.hose ahove by st.rong elamjis, and 



Kl'is. HI, 112.—Timlieriiig for sliafts. 


when a length of 10 ft. or Id ft. has been coinjiletod, platiks 
(lashiii(/!i or-lintimin) are nailed on inside, stretching over several 
frames and so hindiiig them together. 

This lining of the shaft may be, regarded as a very long 
box, with strengthening ribs at short intervals. As shafts are fre¬ 
quently used for the several (inrpnse.s of piimjjing, hoisting, and 
atfording means of ingress and egress hy ladders, it becomes neces¬ 
sary to divide them into oorapartments. I’ieces of timber jiarallel 
to t.lie end-pieces (bmPms or (Ik’uliniis) are then fixed ac/ross the 
sliaft; and tbey servo not only to carry the upright partition 
of planks {(rraltirc) between two adjacent compartments, but. 
also to stay tlio wall-plates, to hold the guides or conductors, 
and to support platforms, which aro necessary for ladderways 
and for the persons attending to the pumping machinery. 

Figs. IKi, 11-1 and 115* explain the method of timbering 

* Liirgelv li.as.|(l uj.iai (IriuvuicK kimllv siipphed liy the (toli.solid.'ilert 
Gohifields of S.iiith Afiiea, Ltd. 
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adopted in many of the large shafts at the gold mines of the 
Witwatorsraiid. 



Figs. 113 and 114. —Plan and elevation showing the timbering of a five-coinpartment shaft in the Transvaal. 
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A B and C D are tlje two wall-iilatnB, K F. and 0 II the two 
end-pieecs; the long ohloiig »iiaco contained by them is divided 
into five oonipiutuieul-s, 1, J, Iv, L, M, i>y four cross timbers or 
dividers.’ Four of tlioso compartments are used hrr winding 
purjiosos, ami arc fitted witli guides fastrmed to the dividers. The 
tiftli e.om])artment serves for ladclervvays, pumjis and air-piipes. 
Between each two successive sh.afl frames there are four coi'ucr 
posts, freipu'utly called studdles, and eight smaller subaijliary 
distance pieces, also known vs studdles. Each frame is susjieuded 
hy holts from the frame above, and the lining of plaiik.s, shown 


nm rni 




WALL PlATta 



~ END PLATES 
• « » » T-rf" LONO 


I y ovioens 

Is d 


□ □ 

CORNER POSTS 
8-8»5-4‘lONO 

SCALE 

_ I _ t 


D 

STUDDLES 

4"i8*a'4' 

_1_Jr, 

I Mth 



Fig. 1J;>.—Details oJ the joints of the timhering. 


ft) fig. 113, prevents any pieces of rock from falling into the 
shaft. 

The timhering of working places varies gre^dly. The simplest 
case is that of a horizontal bc(f, when props put in vertically will 
often suffice to support the weight of the roof. The addition 
of a tidy a flat or slightly wedge-shaped piece of board, extends 
the bearing surface, and, by presenting a smooth face to the top 
of the prop, eualdcs this to be forced more firmly into position 
than it could be against a rough roof. It also yields a little'to 
the pressure of the roof, and lengthens the life of the prop in 
this way, ]f the bed is inclin^, the prop is set somewhere 
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between the iiorDi;*^ to the roof and floor, and the vurtical 
line. 



Fig no, (Kfjncd from Mr Sawyer,* is an instance of a j)rop and 
]i<i for working in a bed of clay irunst'Mie. The illustration t in 



Fin. 117.—Prop ainl lid, alluvial gold mine, Wislern Austnilia 


lig. 117 a photographic representation of Hie same method of 

* Acchlaits in Mines f rom Falls nf llonf mid S/drs, Lonthui, 1B8G, ]>. 50. 
t From a ]ihnttigraph token Ijv Mes'^rs .limliua & Dwyei, Kalgooilie, {oid 
kimlly supplied by Mr A. G. Charleton, A.It.S.M. 
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Mipjiort. TIu! choi-lis, (:op;s, or criba already mentioned form very 
efficient aupjxirts and are largely uaed in working pliicea. The 
logs ein|iloyed in hnilding them \ary in length from 3 to 20 ft. 

I'ig. IIS ri'presents one of the huge structures whie,h may ho 
seen in the IVielicrka salt mines. 

The ‘sijuare set ’ system, largely used in the United States and 
Australia, and not unknown in this country, has been devised for 
su|i|iorting thi' roof and sides of the excavations which are funned 
in working away large irrognlar orodiodies and very wide veins. 
It consists in tilling ihe worked-ont space witli a timber structure, 
built up of a series of parallclopipediil Craines. Kach ‘si't,’ or 
unit of llic structure, is identical in shape and size, atid is com- 
pn.sed of a ri’iitangiilav liase placed horizontally, formed of four 
pieces of tiiiilier 4 to tl ft. long, carrying a post C to 7 ft. liigli 



Kit: 1 IS. - Tiiiib-'r hlniiaiirr tui supjuatliig the root, \Vii4iiv,kn, Austii.i. 

at. each corner, and capped hy a rectangular frame similar to 
the liaso. The cap pieces which form the top of any set are at. 
the .same time the base of the next set above. As all the tenons 
and shoulders for jointing are cut at the surface strictly to 
gauge, the building up of the framework can be made to follow 
the removal of the ore with great ease and sjiecd. 

This system lias tlie disadvantage of inlrodncing into the mine 
a huge inflammable structure, which is a source of groat danger. 

(2) Masonry, Brickwork, etc. 

Masonry has long been used for supporting purpo.ses in mines. 
Tile materials necessary are stone, ordinary bricks or slag-bricks, 
and they may bo built up alone (dry wiiUiny), or with the aid of 
mortar or hydraulic cement. Concrete, a mixture of hydraulic 
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oeniciil, sand and 'mail st(ui(.'s, is (HM-asionally oin})l(»y<‘<1, and 
undoubtedly could be niore so with advant-aj^e. 

In levels, dry walling and limber are soinetiim-s combined. 



Fro. 119. - TjOvc! luifii uith hihsoihv, F"iohl ol 


1’lius, after the excavation (d a \\id(' lode, the rubbisl^ is pdcd 
u]) on the sidiis, walls are built u[) of the large stones, and beams 
of timber are laid acioss, wbieb su[)- 
port tlic ‘deads’ when the higlier 
})orti()ns of the. lode are taken invay. 

Fig. Ill) ro[)reseiits a level in an 
iron mine in tlie Forest of Dean, lined 
with roughly liewn sandstone. 

If both sides of a vein (tig. 120) are 
firm, an andi afit/rds amjde protection 
when the mineral has heen rem<»ved, 
and proviiles a resting-place for ftie 
rnhhish (dea</.s*, aiih). 

Steel girders are sometimes eni- 
])1oyod as an adjunct in dry walling. 

In fig. 121 the sides are hnilt np with 
stone for a thickness of IG in., whilst tlio roof is made of a 
succession of curved beams of J-stccl 2 ft. 0 in. apart. The 
spaces between the successive beams arc partly coveretl over by 



Fm 


120. — ai'cli in 
r(Ktf of a level. 
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Fig. 122.—Plan showing the small loiis siralching from lieani to beam. 

From a diawing kindly supplied by the Director of the Marlth Collieries 
Pas*ded!)u)aiB, France. 
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small ro'ls of square iron (Queues Dalmnm, Fr.), and. the arch 
is then conijiletod with pieces of Hat stone as shown. 

One of the main cross cuts at Mansfcld was lined with ouncroto 
for a length of 1000 metros ('05 mile); 111 metres (40 ft.) a (lay 
were j)ut in, and for this purpose 50 metros (Ki4 ft.) of centering 
were reuiiired. The laths wore covered with thin sheet iron, 
so as to prevent the concrete from .sli(d;ing. Tlie concrete was 
made of I’ortland cement, broken stones and gravel, in * 1,110 pro¬ 
portion of I to 7, viz., 1 part of cement, of broken stone, and 
44 of gravel. U]) to a height of I'G in. from the ground, the 
layer of concrete was made thick enough to join on to the sides 
of the level, in order to assure a lii'tii foundation. Above that 
height it vas made only 6 in. thick, the sides of the level having 
been previously built up with dry walling. 

In the ease of shafts, the advisability, or imh'ed frequently 
the neeeSiMty, of liaving a lining wliieh will be jieriiiaiieiit and 
require few r(qiairs, is very marked. 'I'he shaft is generally the 
main thoroughfare liaidiiig to the workings; in a coal-mining 
country like Kngland, it constantly happens that a eoiiple of 
shafts form the sole outlets for the men and the mineral, and the 
sole passages for the entry and e.\it of the necessary air supply. 
If the lining of one of the shafts were to collapse, the lives of the 
pit’s crow might he imperilled by a stiqipage of the ventilation 
and the whole work of the mine hrought to a standstill. The 
seiim.niiner, wdio is .ihle to estimate the number of yc.ars his pits 
will be wanted, and who sinks far fewer shafts than the average 
veiiMiiiuer, liiid.s it to his advantage in every way to use a form 
of lining which to the latter has often Bceincd extravag.int. 

Ill addition to being more durable, the lining of bricks, masonry 
or concrete has the iniiiiense advantage of being iion-inflaimiiahle. 
It is true that many shafts are wet, and consequently free from 
any danger of the tiiiilier lining taking lire accidentally; hut 
sundry terrihh' ahaft-lires at homo and abroad, causing great loss 
of life, have led to the opinion among capable mining engineers 
that the linings and fittings of all shafts should he made of 
fire-rnsistitig materials, unless the shaft is damp nat.iirally or kejit 
wet artilieially. " t 

'I'he section of walled shafts is generally cireiilar, a.s afliirdiiig 
the host resistance to pressure. Flliptical walling is chosen by 
some mining engineers when it is iieeessary to provale room for 
pumping as well as for two cages. The oval is soinetinies struck 
out by two segments of a circle of large radius for the sides, 
and two segments of a circle of siiort radius for the ends. The 
walling may bo dry or with mortar according to circumstances. 

8 
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The iiiaMniry lining is inii in eiUicr in one leiietli, or in sneoessive 
rings or sections in desceiuling order, and this is the nsnal [ilau, 
'I'lin shaft is sunk to a certain depth with a teinjjorai-y lining 
of tiinher, and when iirin ground lias heen readied, a. hed is cut 
out on which is placed a enh or curh (A il, fif.'. 112.1),* consisting 
of segments of tiinher forming a ring. 'I'his serves as a foundation 
for the hrichworli, wiuc.li is hnill u]i to tlie surfaee ; the temporary 
tiniliering is sometimes left in and sonielimes reiimved as the 
work jirogresses, and any vacant space is tilled in with oartli or 
concrete. Sinking is then re.>inned, and of a smaller diameter 
for a certain distance, so as to leave a braekel. or ledge to support 
the riirb. Dn arriving after a cerlaiii depth of sinking at another 
tirin hell, a second curb, CD, is put in, 
and a second ring of hrickworl; linilt iiji. 
When the intervening ledge of rock is 
I'oaelied, it is carcfu'lc removed in small 
si'ctions, and the hriekwork h''Oughl np 
to (he lii'st eiirh. Tins proces^ is rejicaled 
nniil the shaft is coiipileted, or reaches 
ruck in whicli no in isonry is re'|iiire.l. 
If, owing to the nature of the ground, it, 
is impossible at first to find lirrn seats 
for the eiirh.s, tlicy must ho hung by 
iron holts from a strong iiearing frame 
at I he surface, or from iron pins fixed in 
Uie sides. 

Some shafts in Germany have lately 
heen lined with concrete blocks stiaped 
so as to fit the curvature of tlic sides. 
Kach block is Ihitcd at the top and at 
tlie ends, whilst the liottom has a head¬ 
ing, W'liicli lies in the elianiiel of the 
block below it. A simpler plan is to build up a eoiicrote lining 
between the sides of the shaft and suilaiile centerings. The 
Moiiier system consists in strenglliening the concrete by a onarso 
network or skeleton of iron wire embedded in it. The ingenious 
iron lattice-work of the lix])Andeil Metal Company, whicli has 
been successfully employed in reinforcing concrete for building 
purposes, might likewise he employed, 

(trdinary working places are mere temporary excavatioms, and 
it is only in excejitional cases that it is pos.silile to incur tlie 
expense of building pillars with cement or mortar to support the 
roof and .sides. Hough |iillars, fmilt np of lumps of waste stone 
* J. Oallon, LcHurrs on Miniwj, vol. i.. All, is, Plate X.WIII. 
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or of the imeful oiineral ilhelf, may sometimes lake the plaee 
of timl)('r or may be usei] as adjunct to it, as is the case in tig. 1 ■J4 , 
borrowed from Mr Sawyer.* Tlie timber at the lop allows the 
jiressure to come gr,adually upon the stone. The post is eventually 
drawn out and the stone recovered. ° 

(3) Metallic Supports. 

TR (‘re arc vari«ms wayn of employing' iron and stool as siqijiorts 
for levels, sliafts and worKiiio^ jdacais. ” 

8(»me neat and elfeutive fonns of steel supports are made in 



Fid. 124.'—Stone pillar supporting the rool of a working pla.-c, Sl.ilfoulshiie. 

F'rance, where more attention has been paid to the subject tluui in 
this country. Where tJie floor of a level is goo<l, franu's such as 
are showm in lig. 125 answer admirably; where the surrounding 
conditions are lial^lc to cause the floor to rise (crerp), a circular 
frame aflbrds sujtportall round (11^. 12G). 

The supporting frame show'u in fig. 1271 is made of rails or 1- 
stocl. The horizontal bar is connecUKl l»y bolts to tiio jdf'ces of 
angle steel whioli are riveted to the h'gs ; Init it is nnj, um^omnion 
to see a steel bar sup]ic»rtcd by wooden legs wlii(.*h uro capped witli 

* O/,. fi^. 4, 

1 T>i€ Verlian\/h/)ni‘'» wtd Unl^rsuchKn^in dn' rreu^nischcn Stem- uiid 
Kohkiifall-Commisswn, II. Ilcft., Bcihii, 1902, pj). 192 199. 
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some form of cast or wrouj^lit.-iroii shoe (fig. 2S ■*■). If the roof 
pressure is great, or tlie span wide, tlie }>ar is often slightly 
arelied (fig. 129*). 

Tlie a<lvaiitnge.s of using iron or steel supports instead of timber 
are )mnH‘r«)UK: * 

(1) Greater durability, which mcaiivS a reduetioii in the cost of 
repairs. 



Fio. 125.—Steel snppoits for levels. 

(2) Vossibilitv of using the«bc:una elsewboFe when taken out. 
If bent slightly, they can be reversed; if badly knocked about 
tiny can be sent to the steel works and worked up again. In any 
ease, they arc of some value. 

(3) fiightness and handiness conii>ared witli timber. 

(4) Ijiereascd space for ventilation. 9die free s])ace in a level 

■* 7)/V Vn-hiDdlnnijeo wkJ VvUrmchxmqcn dcr Vrcmsslsvhen Stem- vnd 
ICuhlcnfaU-ConimissioHy II. IJeft., Rcrliii, 1902, iq* 192-199. 
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of G ft. means an increase of or pel cent., in tlic 
area of tlie airway. 

(5) Ku (letenorat ion of tiie air of the mine by decaying Limlier. 

(0) Xo d.anger from lire. 

The ’iagging’ outside the frames may be composed of planks or 
(pf linn liars of sipiare iron or p-lmniiel iron. 

I,;uge<and sm.ill sliafts are now very successfully lined with 
circular or recDingular supporting frames made of steel. ''I'lio 
circular frames are rings of 'ehaniiol iron or steel, made in two or 
three segnii'iits bolted together inside. 

h'lgs. Idll and 131 sh(>w the nature of steel lining in a shaft 
sunk a few years ago at (Jlansthal in the Hartz.* 

Steel has lately been employed for the pur[ioso of lining inclinod 
shafts at large iron mines in Miehigaii. At 11 shaft, 1‘ioneer Mines, 



Fig. 129 Airlicil Rtccl heani rcstiugnpon tiniber Megs.’ 

jMichigan, the inside dimensions of whieli are 17 ft. (i in. liy 6 ft., the 
two wall-plates are made of 3d-lli. steel rails, and the end-pieces of 
2.^1b. rail. These are held together at the corners by pieces of 
angle steel riveted on with lialf-inch rivets. The rails for two skip- 
ways are supported iiy dividings made of 1-steel. The successive 
frames are kept apart by studd'es, also made df rails. Figs. 132, 
133, and 134 eiplaiii this kind of lining.t 

Simple cast-iron jirops may be used instead of timber for work¬ 
ing places wliere tlicy can be witlidrawn. . Tlicy are ratlier licavy, 
but tliey will serve over and over again. At some collieries a 

* “ Der Scliaclit ‘ Kaiser Williulni II. ' Lei IJlallstlitil," Zeihehr. /. B.-Jl. 
u. B.-lVesev, veil, xliii , lleiliii, 1895, Plat<‘ XVII. 

I Drake, '• Tlie Us*- ol Steel in Lining Mine Sliafts,” Mines and Minerals, 
vtpl. axni., 190'2, p. 128. 


9 






























props arc not siiitalil<‘ for n-sisting cross pri'ssiire, and they are 
liable to break occasionally wiien they liiip]ien to fall. 

A coiiimon kind of j)rop is made of 1 iron or steel, eitlier cut off 
sipiarc, or with the well cut out for a few inches and the two 


Figs. 132 and 133. 
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(1) Special Methods of Support. 

Wo now conio.to tlie spotiiol iiiulliodB of support iisor! in the 
case of soft, loose, watery or nimiino oroLiiiil, 'I’liey are,; (a) 
S])illin^, spiiiiij^, or I'orepolino; (h) sinking ilninis or sinking 
linings', (o) collcring; (i/) tubbing; (e) pneumatic pressure; 
{/) freezing, ' 

(a) If the grouud is loose, so that the roof or sides, or both, 
«ill run in unless supported, the mol hod of working called spilliiiij, 
s/iiliuij. or iwliiuj is jmrsuwi. It, consists in snjiporting the weak 
palls by boards or pole.s in advance of the la-t 
frame set up. 'fhe jirocess may be described as 
piishinu; out a protecting shield in very narrow 
sections at a time, 'I’lie poles or boards {Mbs) are 
driven forward by blows from a sledge, and the 
groiiud protected by tlieiii is then wotked away 
HI 'iilHI removal of thi' grouud eiiahles 

I lijljy the, lath to be driven in further; the pick is now 







Fio, 135.— 
ytfcl profi. 


Ido. 136.“l)iKiiig tiirmigh Fio. 137,—Section offrmiie 
loose ground Ipy spilling. ami poles ii.»e<l in spilling. 


once more called into recjuisition, and by aucccasive small ad¬ 
vances the shield of poles or boards is extended a distance of 
three or four feet. Fig. 1.3('i sliows one of the advance poles 
partly driven, with the front hnd resting on a .set of timber; the 
pole behind it is in its linal po.sition. The section, fig. 137, 
explains that the lower set of jiules, those which are in the' 
oonrso of being driven, have room enough to slide on the top 
of the caji, owing to the blocks placed upon it being slightly 
tliicker than their diameter. 

Sjiilhiig is likewise employed in tlic case of sluifis. Strong 
balks of tinihcr are (i.ved at tlie surface or in solid ground in tlie 
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shaft, and the first .'ranie is supported upon these ‘hearers’; tiie 
uezt frame is hung; from the first, tljo third from the second, and 
so on until the loose ground is passed. 

I’lauks {laths) are driven down around the outride of each frame, 
so as to form a hollow pyrainiilal sliiehl, which keeps the ]oo.sf! out¬ 
side earth from falling in whili' excavation is proceeding. In due 
time depth enough is gained to put in another frame ; thi.s iprvos to 
stay the lathes driven from the frame, above, and also as a starting- 
point for a new set of laths for continuing the process of exeaxation, 
(//) Sinking drums or sinking linings are hollow ctlindcrs of 
brickwork or cast iron employed in sinking through quicksands; 
they gradually descend from their own weigiit or are forci'd down 
hy hydraulic presses. The doseent is aided by exeavalhig in the 
bottom either by hand or by niaeliiiicry. 

(r) The method known as ‘coflering’ consists in lining the sliafl 
with a wall, made of hviek mid cement oi brick and livdrauiic 
lime, and in backing tliis up with puddled clay. It is sjiccially 
used for keeping back surface water. 

(d) Jiy ‘tiibliing’ is meant a watertight lining to a shaft; it 
is put in with tlic object of preventing tlie influx of water from 
tile surrounding strata, and of so saving the expense of pnnqiiiig 
it out day after day and year after year. It may he made of wood 
or of east iron, and the latter is the conimouer material. The 
lining then consists of a scries of rings, each ring being tisiially 
made up of several separate segments. 

As a rule the cylinder of east-iron plates is linill up within a 
temporary limber liiiiug, which is carried down until it reaches 
some solid and impervious stratum, below the water-bcarmg 
measures, fit to serve as tv foundation. Wiien such a foundation 
has been found, the sinking is continued for a few feet, .and a bed 
is cut very carefully, and trimmed perfectly even and Imrizoiilal, 
so as to receive a foundation ring eallod a ‘crib’ or ‘curb.’ The 
curb is a hollow ring of east iron made ill segments about 4 ft. 
long. Strips of deal about half an inch thick are placed between 
every joint, and the segments arc lirought tightly together by 
wedging up the space betwoeri the outside of the curli and t-iie 
rock. The joints are then rendered perfectly stanch by driving 
in wedges into the deal strips. A second curb is liud ujion the first, 
with intervening strips of deid, anti the wedging jirocess repeated; 
sometimes a thiril curb comes upon the second. 'I'lic toji curb is 
the foundation for tubbing jirojicr, which is built up segment after 
segment. The segments are usually 1 to ,‘i ft. high and 4 ft. long; 
their thickneas depends ujion the pressure of water they have to 
withstand, and varies from J to in. They are smooth irrside, 
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but arc stren^tliencd with llaii;,'t‘S and riiis tm tlie sid« turned 
tnwards the fjroimd. 

'I'he scftmonts arc Uept in place by wedging them against the 
sides (if the pit, avd filling up the interspace with oarih or con¬ 
crete ; thorougfi stanelincss is secured by interposing a half-inch 
strip of deal or pitch pine at every joint, and finally driving in 
wedges <vhou all the tubbing is fixed. Water coming in from the 
surrounding strata is allowed to escape through the central hole 
of each segnient. .\ cast iron lining cylinder (figs. 139 and 140) 
is thus built up inside the shaft unlil an iiripervious sfrafuiu above 
the waterbearing ground is reached ; another wedging cril) then 
conijiletes the iiihbing. The joints are wedged up as tightly .as 
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Fiiis. l.'iSI Slid 140.—Cast-iron Tubbing. 
Wedging Cmb. 


possible, and finally plugs are driven into tlie central iioles of the 
segments. If the work has been projierly jierformed, the linings 
will be watertight. 

In France and Belgium the flanges are usually inside and the 
segmeutB are joined by bolts.^ Sheet lead about J in. thick is 
interposed, anj by screwing up the nuts tightly the joints are 
made quite tight. 

When shafts are .sunk by boring luaebinery, the cast-iron lining 
usually consists of a series of complete rings of oa.st iron, with 
internal flanges, wliich are bolted together. In the Kind-Chaudron 
process the huge hollow cast-iron cylinder coU'-tructod in this 
manner, and gradually lowered into the shaft fnll of water, is 
closed at the bottom, and it is provided with a ‘ nioss-boi,’ a special 
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arraiifremcnt for roakiiig a. ataucli joint when ttie f<jot of tlie lining 
conit's to rest ujiou a small ledge cut out on purpose by the boring 
tools. As soon as the descent lias been safely ncconijilislied, 
concrete i.s lowered into the interspace between the HK'asures and 
the cast-iron rings, and this adds to the security of Uie lining. 

The moss-liox, the .special feature of (diaudron’s process, is not 
a sine gua non, and it hashcou suceessfully disjien.sod wiih in .sonic 
sinkings in Northern France. The staucline.ss of the joint between 
the fiottoiii of the colnnin of tubbing and tlio siirroumliiig strata 
is secured by very careful concreting. 

(fl) Vonipresseil Air Mclliod .—Sinking by eonniresscd air was 
successfully introduced in Franco by M. Triger about half a 
century ago. The shaft lining is a cylinder of cast iron, 
lengtliened by adding ring after ring at the surface, which sinks 
down gradually from its own weight as the earlh in the bottom 
is worked away. In order to prevent the water in the siirround- 
iiig lieds from coming in, air under piressurc is led into a cbaiiiber 
at the bottom of the cylinder, wliieh is shut off by a lioiisonlal 
partition or diaiibragm. Above this working chamber there is an 
‘air lock’ fur jireventing the working eliaiiibcr from coiiiimiiii- 
catiiig directly with the atniosjihere. 

There arc two great disadvantages conjih'd with this method :— 

(1) The inn«issibility of going to a depth iiiiich exeeeding 100 
bait, because, speaking generally, a jirossure of 45 lbs. per sf|uaie 
inch, or three atmospheres above, the iioniial pressure of the 
aunosphore, is about as much as iiieii can stand. 

(2) The fact (hat the health of the inon has boon found to 
suiter. 

(/) FmcTOf/ Melliod .—Though Nature had long ago taught the 
Siberian prospector that he could stop the inflow from porous 
w'aterloggcd gravel into his shaft hy alhnving frost l.o convert tlie 
strata into .a hard iinporvioim lev coiiglonierate, it was not until 
1(484 that Foetscli ventiirod to apply aitificial cold for the same 
purpose. 

I’octscti’s jirocess consists in causing a very cold li<|nid to 
circulate in pipes tlirougli the ground, and so freeze it into a 
solid muss, in which an excavation Van be made without timber or 
other smiiiorts, and w'itliout any |mmpiiig. While the ground is 
still frozen, a east-iron lining is put in, and it is so constructed 
that it will kec]) out the wat.cr, wlieii the strata have thawed after 
the removal of the cold-producuig appliances. 



CHAPTER VI. 

EXPLOITATION, 

The t,frill 'cxpluil.itidii ’ may bo oiinveiiionHy .adoptod t.o denote 
till! iiK'tliod of workiiii.', or, to speak iiioro ]irecisely, Uio method of 
arraiimno the workiiip jilaces in order to remove the mineral 
deposit in tlie most advantageous manner. 

There are t\io principal methods of attacking and removing a 
niiiioral de])osil, according as the work is carried on in ]ilaocs open 
to the sky, or in chambers and jiassages under a cover of rock or 
earth : and as gold-bearing gravel and phosphates are occasionally 
dredged nj), and as liipiid, gaseous, or soluble minerals arc 
obtained by wells or boretioles, wo have two further methods 
which are sometimes of ninch importance. Lastly, whilst llic 
Iriio ‘getting’ is carried on in workings open to the sky, it is 
sometimes combined with underground transport and hoisting. 

The conijilete elassiiication is, therefore, as follow's :— 

(1) .Suhaerial or open workings. 

(2) Subaqueous workings. 

(3) Wells and boreholes. 

(-1) Mixed 0 ]ien and niidergronnd work 

(5) Subterranean or uiidergroiiiid workings. 

(1) Open Workings. 

Some tiiiiierals are always obtained in this way; otlicrs are 
worked 'open-cast' iiefore nndcrgroimd mining begins; and it 
mav hapiien that uiuh rgrounJ and surface work are both being 
carried on simultamxmsly in adjacent parts of the same mine. 
.Among the minerals often worked open-cast arc coal, brown coal, 
gems, and the ores of copjier, gold, iron, lead and tin, to say 
nothing of all kinds of sl.ime. 

The advantages of open works arc numerous ;— 

(o) Complete removal of the mineral without any loss in the 
form of pi bars. 
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(h) No c*.x|)(‘iiKft o** tr()nl)le rcj;ards ventilation, men aI\\u}'K 
working in gojod air; no danger of exjdosiona. 

(c) No ex]>enso for lighting, unless work is carried on at night. 

(>/) Little or no cipense for tiinhiTing, 

(c) Possibility of laying out work in larger ytojis or ‘sLopes' 
than can be usually done in undi*rgroimd ^^orking places. 

(/') Easier snpervi.sion. 

On the other hand, there is usually Uie nnniense disadv'intage 
of having to remove a groat deal t>f waste n»ek covering the 
deposit, t('<dtnioalIy known as tn-pHmnin/, or rock lying at tlic 
side which woukl inevitaltly fail into the ])it if dei'pened consider- 
ahly. Work, too, may he sto})ped by liad weather, such as lieavy 
rain, snow or frost. 

(TcncraDy the first process in an open working is tiie removal 
of the oA’erlntrden, and tin; manner ui wliieh this is done (h'pends 
npuri tlie nature of tlie ground. 

j\n <‘xample may lie lakeu from Norlliam[it.oii.'hin‘, whore very 
large (juantities of iron ore arc obtained from beds of ,lurassi<' age. 
d’lie actual i>cd of ore at Cranford m Not Uiain))ton'.li]re is 8 to lli 
ft. thiek, ami the amount of overhiirden taken olf is somelimes as 
much as 20 ft.; when this thickn(‘ss is c.xceeded the ore can no 
longer be worked with profit. 

Tlie sod, or •meat earth,’ wlii'di is from 8 in. to 2 fi. deoj>, is 
])iit aside carefully, for it lias to he restored to lu.ake the surface 
gootl and available for tillage. Tiie remainder of tlic overburden 
is cut away in one or more steps or ‘stopes,’ for convenience and 
safety of the workmen, the base of any step being usually about 
equal to its height. The accompanying figure (141) represente a 
pit near Kettering in Norlhamptonsldre wlierc 15 ft. of overburden 
arc removed from a 12-ft. bed of ironstone. The soil having been 
cleared off with a shovel, the men uiKhTciit the first straUnn wiiJi 
a double pointed pick at a and then drixa? dctwn a crowd>ar at ^ 
and anotluT at a little distanee from it. J>y working the liars 
backwards and forwards tliey cause a big block td break oil'along 
the dotted line. Tliis crumbles iu its fall, is sliowlled into 
liarrows, wheeled across tlie planks, and tijiped on to the bank. 
After the top Jias been cleared awat for a few feel, ilu- next bed 
is treated in the same way, and then the third, until the ironstone 
is reached, and laid quite hare. T’ho ore can usual Ij be easily 
hruken with tiie pick and at once loailed into small waggons, 
holding alMiut a ton each. Occasionally a shot is fired iu order to 
looKoii p:irfs that art* hard. Tlie loading is done with an eight- 
pronged fork, so as to separate tlio fine ore wlncli the smelters 
refuse to take. If there is much fine, the ore is sifted; one man 
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staildg over g wlioolliarrow lioMiiig a round aievc witlj a half-inch 
uicBh, and aiuilhor shovels the ore to him! The line dro])s into 

the harrow and 
can ho wheeled 
away, while the 
coarse is 
thrown into the 
waggons. The 
men 'working 
on the ovor- 
hnrdon are paid 
hy the cuhio 
y.ard, and those 
excavating ore 
are paid per ton 
of ore placed in 
the t nicks. 

In hardroclvs 
the sti'jis may 
lie made very 
nmch higher ; 
at the Tliarsis 
copjier mine, 
Sp.ain (lig. H2) 
each step or 
stupe is ahoiit 
Its ft. high. \t 
the great I’eu- 
rhyn slate 
quarry, near 
B a n g o r, in 
.Vorth dVale.s, 
the vahiahle 
slate and the 
valui’leB.s over¬ 
burden arc 
both taken 
away by a series 
of steps or ter¬ 
races, on an 
average 60 ft. 
high by .dO ft. 
wide, as .shown 
in fig. 143. 
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Whwi the rock I. 'Irm ciioiigli to stanfl for a great height, it is 
Romctinics found couvoiiient to take it down in one vertical slice 
without making a series of steps. 

Another method is that of firing a very lifrge blast, which 
brings down thousands of tons of mck at a time. It is prepared 
by driving in a tunnel at right angles to the face of the (|uarry, 
and making one or more chambers, which are charged wiih gun¬ 
powder'.r some pther explosive. 'J'he tminel is then tamped up 
like a gigantic shothole, and the cliiirge is fired by ordinary 
safety fu.se or by electricity. 

As already explained in Chapter IV., the term ‘hydraulic 
mining' is a|)plied to the methoil of open ipiariying by the aid of 
a jet of water. The manner of obtaining the water nuder pressure 



and of applying it has already been expilainod. The stream of 
mu<i and stones eomiiig away from the working face is led into 
‘sluices,’ which are large wooden troughs paved with blocks of 
wood or xvith stone, or provided with false bottoms made of iron 
bars. 

Tl\e big boulders rushing down the sluice are of service at first 
by breaking up gravel which mav*l)e much cemented togotlier, 
but at the same time they naturally wear out the sides and the 
pavement. After they have Iweu washed down the sluices for a 
certain distance, they are got rid of by a grating wliich shoots 
them into any convenient ravine or gully and lets the, finer 
jiarticles pass through. 

* Courtney, “Alining and Treatment of Copjier Ore at Tharsis, Spain,” 
Proc. Prist. O.S.f vol. exxv., 1896, p. 126. 
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two or three weeks, At the time of the cleaning up, the washing 
down of the gravel hank is stojipcd, or the cuircnt is diverted 
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Mercury is added several tioiea a day at tl.e head of the sluice, 
and the upper j>art, say the first 1000 ft., is cleaned up every 


Fig, 143.—A small part of the Penrliyn Slate Quarry, North Wales, from a photograph by 
Mr G. J. Williams, H.M. Inspector of Mines. 
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into a parallel line -f slnicea. A small quantity of water is turned 
into the sluice to be cleaned up, the false bottom is taken out, 
and on the floor of the trough wdll ho found the amalgam ; it is 
scraped uj) with iron scoops, washed, squeezed through canvas 
or leather, and retorted. Tho spongy gold remaining behind in 
the retorts is then finally melted into bars. The mercury re¬ 
covered by condensation is used over again. 

It.is not everywhere that the gravel beds occur in hilly 
countries where reservoirs can be constructed for supjilying the 
necessary water under pressure and where convenient ravines 
exist into whichTlie stone and earth can be shot after tho extraction 
of tho gold. The gold-bearing stratum is sometimes found under 
river flats without the two advantages named above, and in such 
cases a method known sometimes as ‘centrifugal sluicing’ and 
sometimes as ‘hydraulic sluicing’ is applied with jirofit (fig. 144). 
It is merely a form of hydraulic mining in which the jot of water 
is obtained by steam pumps, and in which tho mud, sand and gravel 
are lifted by centrifugal pumps into gold-saving troughs (aluu'es) 
carried on trestles above the surface, and are finally disch.argod, 
after the extraction of tho gold, into a pit or part of a pit already 
worked. An important feature of this so-called ‘centrifugal 
sluicing’ consists in the easy removal of the plant, which is placed 
upon a big barge or pontoon of very light draught; this rests 
upon the ground while work is proceeding, but can be floated 
from place to place as required, until all tho best ])art3 of the 
river flat have been attacked and exhausted. 

(2) Subaqueous Workings. 

In Chapter IV. mention was made of the dredges of various 
types which are employed for the purpose of extracting gold- 
bearing sand and gravel from the beds of rivers. (lold is not the 
only mineral worked in this fashion; in South Caroliua phosjdiate 
of lime is dredged up fnim river bottoms, and in Prince Kdward’s- 
Island a shell-marl obtained in the same manner is sold as a 
fertiliser. Lastly, on tho coast of Germany, between Dantzig 
and Memel, two forms of subaquehus work have l)een applied to 
the getting of amber. The mineral has been obtained by divers 
and also by the use of bucket dredges. 

(3) WeUs and BoreholeB, 

Liquid, gaseous and soluble minerals are sometimes obtained 
in this fasluon. The principal minerals are:—Carbonic acid. 
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citlior from wells or 
borelioles. In tlic 
United • States, 
Russia, and else¬ 
where, boreholes are 
anuh by one of th« 
|iroco.ss('s descrihed 
in Ghaptcr 111., and 
3 'ield oil, which will 
rise either to the 
surface or jiart way 
to the surface. In 
this latter case it 
has to be drawn up 
by puin]is or 'by 
huco bailers. In 
order to increase the 

* Australian Mining 
Standard^ Special Edi¬ 
tion. Ist Juire 1800, 
Melbourne, Victoria, 

p. 168 . 
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flow of oil from tlio BiirrmiiKlinif rocks into tlic boreliole, espociallv 
when a hole is hcoinning to fail, the, oil-hcariug stratiiiii may 
be cracked, and broken up by a ‘torpedo.’ 'I'his is a powerful 
charge of some explosive oontamed. in a tin Sylinder, which is 
lowereil into the hole to the i-eiiuired do)p|h and then o.xplodod. 
. itrogljcerino, dynamite or gunpowder may he employed, hut 
of course the last ii^ oidy used when its more powerfiW rivals 



Fro. 145.—A small portion of the llalalcliaiiy oil.%kl, iiepir Baku, Russia, 
with mmuious ilorrirks, each oni; over a borehole. 


cannot be obtained. As much as a hundred tpiarls of nitro 
glycerine may ho used for one blast, in which case the eiplosive 
is let down in sep.arato cylinders, each containing twenty quarts. 
The explosion of the top cylinder fiixis the charges in the 
others. 

The great bod of salt near Middlesborongh is worked by making 
a borehole and putting in two tubes and a pump, so arranged tliat 
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tlic water from a superincumbent bed of sandstone travels down, 
dissolves the salt, and is tlien drawn up. 

Natural sheets of saline water or brine exist in sonic districts, 
and can bo t,appf,d by wells or boreholes; indeed, salt was 
worked in this way long before the discovery of the rock salt. 
Some of the salt in Cheshire is derived from Jirine pumped up 
from in&ndated mines worked originally for rock salt, which arc 
now full of water and cannot be entered. 


(4) Open and Underground Works Combined. 

As a typical instance of this method may be mentioned the 
so-called ‘ milling ’ process sometimes employed for working iron 



A is barren rock in which the Kinift B 0 is sunk ; I) is the ore ; E F ami G II 
are levels about 60 ft. ap.irt; I is a crater or fuiinel-shai>e(] pit in which 
woik goes on ; .1 K arul I,M are rises comnumiiuiting with cross drivagea 
driven out from the mine level E F ; N is a thick laj'er of overburden 
lying upon the Iron ore. 

ore in Minnesota. While the overburden is being stripped off by 
a steam shovel, a shaft is stink, and levels are driven off into the 
ore; drivagos are made from these main levels at short intervals, 
and rises'raises’ or ‘upraises,’ U.S.) put up to the surface. 
Workmen then begin e.vcavating around the top of each rise, into 
which they shoot down their ore; the bottom of the rise is fitted 
with a suitable door enabling waggons to be filled rapidly and 
easily. As working proceeds, each separate little pit assumes the 
form of a crater or funnel, and at some given moment the 
workings would "have the form represented in fig. 14G. 
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(5) Underground Workings. 

The methods employed for oxtracting miiiovale miderground are 
almost as varied as the minerals themselves. 

The dej) 0 .sit must lirst be reached by a shaft, i.n. a verlical 
or steeply' inclined pit, by an ‘adit,’ i.e. a nejirly herizontid 
drairtage tunnel, or by an ‘incline,’ i.e. a sloping tunnel. The 
choice between these three methods of atUu-k must be governed 
by the contour of the country and by the general circumstances 
of tho case. 

Supposing the deposit to have been entered by one of these 
three methods, the problem before the miner is how to remove 
it to the best advantage. 

Underground workings may be classified according to the 
nature of the deposit worked, that is to say, according as the 
dejwsit is a bed, a vein, or a mass; but such a classification is 
not entirely satisfactory, as it separates methods of working which 
are in reality identical. A steeidy dipping seam is worked much 
in the same fashion as a vein; methods employ'ed in working 
away thick veins often dilfer in no way from those found advis- 
•ablo in the case of many masses. On the whole, it is better to 
take some other criterion, and following llaton de la Gonpillifirc, 
it will be seen that the removal of a mineral deposit by under¬ 
ground workings proceeds according to one of tho three following 
great principles:— 

(a) Chambers and permanent pillars, ■i.e. removal of the 
mineral incomplete, part left in the form of supporting pillars 
or pillars and floors. 

(h) Subsidence of roof or ‘caving’ method, i.e. removal of 
the mineral complete with subsidence of the roof. 

(c) Killing up method, i.e. removal of the mineral complete, 
empty spaces completely filled with rubbish. 

(n) 0/iambera and Permanent Pillars .—This system is frequently 
adopted with minerals of no great intrinsic worth, when the value 
of the pillars left behind is loss tjian the cost of putting in tho 
artificial supports which would be necessary in order to remove 
the whole of the deposit with safety. It is likewise adopted in 
certain cases for the purpose of preventing damage to the surface 
by subsidence, or an inroad of the sea when the workings are 
submarine. 

The method can be best understood by char.actcristic examples 
which show how certain beds of gypsum and salt, and many 
mineral veins, are being worked. 
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Figs, 147 and 148 represent in section' and in plan tlje 
chambers and pillans of the underground workings for gypsum at 
Paris, which supply the stone from which the well known plaster 
is made. The principal bed is from 50 to 60 ft. in thickness. 
Pillars are left 10 ft. scpiare at the base, and the slalln between 
them are 16 ft. wide. The workings arc slightly arched, and 
are not .carried up to the true roof, for the jiurposc of hotter 
maintaining the security of the chambers, because heavy danfagos 
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Flos. 147 aiul 148.—Underground 
workings for gypsum, Paris. 



Flu. 14P.—Plan of part of Maislon 
Hall salt mine, Choshirc. 


would have to he paid if they ‘caved in’ and reudorod the 
surface useless: A similar layer of gypsum left for the floor 
prevents ‘creep’—tlmit is to say, a rising of the floor owing to 
the thrust of the pillars—and enables the underground roads to 
be kept in order with little expense. 

The salt mines of Cheshire arc an excellent example of pillar 
and chamber working. The bod 
is 84 ft. thick, but only the 
bottom part, 15 to 18 ft. thick, 
is mined. Pillars 10 yards 
sijuare are left promisoimusly 
about 25 yards apart, or closer 
if thought desiiuble in any 
special places. Fig. 149 repre- 
Fig. 150.—Vertical saotion, Maiston seats part of Marstou Hall mine 
Hall salt mine, Clicshiie. nc.ar Northwicb. The bed is 

almost horizontal, and is reached 
by two perpendicular shafts; wide stalls are then driven out 
on all sides. The workings are advanced by uiakiug an exca¬ 
vation in the upper part called the ‘roofing’ (o, fig. 150); and 
the lower two-thirds of the thickness worked are got by blasting 
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Blunting holes. Tins is called the ‘benching.’ The roofing is 
made by ‘holing’ or under-cutting by liand, or better, by a 
circular saw driven by comjiressed air; when once undercut, it 
is e.asy to bring down the salt by horizontal hales bored witli a 
jumper and charged with gunpowder. 

We now oome to the case of many mineral veins. The first 
attack is often made by an exploratory pit sunk along the»dip for 
20 or*30 fathoms, and if the indications found in driving out 
levels warrant further prosecution of the mine, a perpendicular 
working shaft is put down to intersect the lode at a depth of 100 
fathoin.s or more from the surface. Cross-cuts are then driven out 
at intervals of 10, 15, or 20 fathoms to roach the lode as shown in 
fig. 15], which re|)rescnts a 
vertical section at right angles 
to the line of strike. Sometimes 
• the main shafts are carried down 
all the way along the dip of the 
vein, though perpendicularshafts 
have the advantage of being 
better suited for quick winding 
and cheap pumping, to say 
notliing of tlie rapid ascent and 
descent of the miners in cages. 

Whatever kind i.f shaft i.s 
adopted, levels are driven out 
along the strike of the lode, as 
shown in the longitudinal section 
(fig. 152), in the liopo of meeting 
with valuable ore-bodies such as 
are represented liy the stippled 
portions of the figure. For tlie 
purposes of ventilation, and still 
furthur exploring the ground and working it, intermediate sliafts, 
called ‘ winzes ’ (Cornwall) are sunk in the lode from one level 
to the other. In some cases the communicating passage is 
excavated upwards, or, in other w^rds, the ‘ minor puts up a 
rise.’ When oonimunioatiou is complete, there is no difference 
between a rise * and a winze. 

On looking at tbo longitudinal section (fig. 152), wliich may 
be regarded as representing a common sfcite of things, it will at 
once be remarked that only certain parts of a vein are viduable. 
When dealing with a bed or seam, we constantly find that the 
whole area covered by it can be worked away profitably. With 
• liake or upraise, U.S.A. 



Flu. 151 —I’ross sivtioii .sliovnig tlie 
common method of working .i 
mineral vela. 



138 


THE EI.EMENTS OF MININR AND QUAERYING. 


a lode this is an exoeptioti, and therefore' the problem of ex¬ 
ploitation is not the same in the two eases. The vein miner has 
to remove portions of a sheet-like deposit usually dipping at 
a high angle, and the bed miner has to excavate the whole of a 
sheot-like deposit lying frequently horizontal; but in any case, 
until the vein has b(>en explored, it is imiKissible to predict how 
much (ft it can be removed with profit. 

The poor parts shown in fig. 152, ‘arches of ground’ aS they 
are called, are often frequent enough and large enough to provide 
an ample supply of buttresses for preventing the collapse of the 
sides, and the method of working is one of irregular pillars and 
irregular cavities. 



Fio. I52.—I/insitiidinal section showing the common method of walking a 
minetal vein. ’The stippling represents the vahntlile parts of tlic veiii ■ 
which have iieen worked away. 

The two sets of passages, i.e. levels and winzes, cut out the' 
vein into a series of blocks, making the longitudinal eeeiion of the 
workings more or less closely resemble the fplon of a mine on the 
post and stall system. There is, however, leas regularity in the 
blocks, because the vein miner tries to locate his winzes as fur as 
possible in profitable parts of the lode, and may often have to 
drive a long distance through valueless ground before arriving at 
desirable points for sinking to the level below. 

We now come to the working away of the blocks; there are 
two typical methods, working, downwards and working upwards. 
Tlie former is called ‘underhand stoping,’ the latter ‘overhand 
stopiug. ’ The word ‘stope,’ which has no connection whatever 
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with the Scotch ‘swop,’ is equivalent to ‘step,’ and the term 
• sloping’ mesuns working away any deposit in a scries of steps. 
Underhand or ‘bottom slopes’ are workings arranged like the 
steps of a staircase seen from above, whilst overhand or ‘back 
slopes’ are like similar steps seen from underneath. Ik^th 
methods have their advantages and disadvantages, and both arc 
largely used. » 

Underhand sloping is the older method. In the old day.s the 




FiOs. 153 and 154.—Underhand atopes. 

miner began in the floor of the level (fig. 153) and sank down a 
few feet, removing the part 1; he followed with 2, 3, 4, etc., until 
the cicavation finally presented the appearance show in fig. 154. 
Any valueless rock or mineral was deposited ui)on platforms of 
timber (stulls), and the ore was drawn up into the level by a 
windlass. One great disadvantage of this method was the cost of 
winding up the ore and water by 
hand labour. 

A more economical method 
of working by underhand slopes 
consists in starting from the two 
upjier ends of a winze separating 
two blocks, and the lode is re¬ 
moved in a succession of steps, 
the workings assuming the ap¬ 
pearance exhibited in fig. 155. 

The steps are generally made 
steep, so that the ore may readily 
roll down into the winze, and so that the boreholes may do better 
execution ; but these steep slopes are dangerous if a man happens 
to slip and fall. The huge open chasms left by the removal 
of a wide lode in this way are also a danger, for there is always 
a risk of falls of rock, and from places which cannot easily 
be examined. 


////////////////// 
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• Fio. 155.—TJnderh.nnd stopes, 
starting from a winze. 
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Overhand slopin;; is precisely the reverse ol- that which has been 
deseribed ; tlic work is coiimienccd from a rise (fig. 16(i, A), or 
better, from two ends of a winze (tig, 156, B). As soon as the men 
have excavated a^sufficient heiglit of the level, they pnt in strong 
pieces ol timber from wall to wall (.sAmpte, sMl-idcres), cover 
these cross-pieces with boards or poles, and throw down the 
rubbisl^ upon the platform (stidi, hunning) thus formed. 

As they work upwards it may happen that there is not enough 
rubbish to fill the excavation entirely, and in this case they stand 
upon temporary stages or platforms (fig. 157). 

The advantages of overhand stuping arc these:—The miner is 
assisted by gravity in his work, no ore or rock ha.s to he drawn up 
by hand labour, and less timber is required. On the other hand, 
he is always menabed by falls of the roof of his working-place; 
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Fig. 156.—Oveihaii'l .stipes. 


Fio. 157.- Ovrrliaiid slopes 
with ]>iatr(>ritiB. 


but, as he is close by, he can constantly test the solidity of the 
roof and sides by sounding them with his sledge. A last 
disadvantage of overhand a.s compared with underhand slopes is 
the chance of valuable particles of ore being lost in the rubbish; 
however, this loss can be prevented by laying down planks or 
sheets of iron while the lode is being broken down. 

When a seam is highly- inclined, the system of working is often 
identical with that pursued in»the case of a mineral vein. Thus 
in the Transvaal* the beds of gold-bearing conglomerate are cut 
up into blocks by horizontal levels and by small intermediate 
shafts following the dip. Kach rectangle is about 120 ft. long 
and 120 ft. high, and it is worked away by the process of 
‘overhand sloping’ (fig. 158). 

' Mwiic, “The WitwatrrM-aiiil Gold Field,’’ Trans. Inst. Eng. and Ehip- 
hvilders in Urotland, vol. xxxviii,, ls94, p. 49. 
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Fio. 15S.—Overliand slopes, Johannesburg. 
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If a vein is very wide, and .at tlio same tinn! li.ard and strong, 
and if the siij)[)lios diseovered far exceed tlie demands of the 
immediate fnluro, tlie miner may sometimes .adopt a pill.ar and 
chamber melluHlj leaving the pillam as a reserve fund or legacy 
to his snccesBors. 

A system of this sort was devised for the huge dejiosit 
of pyj'ites .at liio T'iiito, tlie arrangement that ivas pro¬ 
posed being illustrated by figs. Lhi), 160 and 161. The de- 
comiiosition of the pyrites and the heating resulting from 



Pic. 159.—Pillar and cliaraber work, Iho, 161.—Plan of Haul pillars, 

vertical section, Eio Tinto. Kio Tiiito. 


it, as the ore crushed .and fell, led to constant dangers 
from fire, and the method of .working never readied its nltimato 
stages. 

A system of stoping and filling with waste rock was 
introduced in 1901. The lodes were divided into llj-metro 
wide vertical sections, and the stopos taken in horizontal 
slices across the lode. As the ore is removed the sjiaee is 
carefully tilled, liy hand, with gozzan or porphyry, the inter¬ 
stices lioing filled with fines, and the whole wetted to form 
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a compact muss. Txvols and passes are protected tliroiigb 
the filling. Alternate sections are stopod first, and later the 
intermediate pillars are e.'ctracted in the same way. 

(/>) Huhidmce of Hoof, or ' Caoi-ng’ MHho'l.— \t is far more 
satisfactory from an economic p<jiut of view to leave as little of a 
dejtosit as j)ossihlc ; a larger output is obtained from a given 
working area if everything is removed, and it seems a pity^ifter a 
niineral deposit has been discovered, and after all the dead work 
of sinking shafts and driving levels has been accomplished, to 
allow any of the valnablo material, the very object of the mining, 
te he left hehitul. It is by this method that miudi coal and much 
iron ore are obtained in this and other countries, and the 
Kimberley diamond mines afford another important illustration of 
the system. 

This sy,steiii is capable of many sub-divisions acconling to the 
nature and thickness of the dcjiosit worked; these sub divisions 
are set forth in the table below:— 

Deposits of ( («) Temporary pillars, 
medium thickness, j (/3) liong wall. 

j (y) Network of tiinnelsiind general ‘caving.’ 

Thick deposits, ■. (&) Slices parallel to the dip, 

( {() Slices parallel to the strike. 

(a) Temporary PHIarK.—hi the early days of coal 'Iiiining 
the workers endeavoured to remove as much as piossible of 
The mineral in one operation; here and there they left some 
"Coal to support the roof, but the supporting blocks were com¬ 
paratively small, and as they were surrounded by lai'ge open 
spaces, they could bo fairly compared to the columns of a 
crypt. The names given to them—‘pillar,’ ‘post,’ and ‘stoop’ 
(a Scotch equivalent of ‘staff’)—were then thorouglily expressive. 
The workings were gradually e.xtended, and eventually reached 
the boundaries of the. property. Before finally abandoning 
the undertaking, the owner cut away what coal he could from 
the jiillars, but ho found that the small pillars, after haviut 
been subjected to heavy roof. preSsure for a few years, were 
generally greatly crushed and yielded little valuable coal; 
and a further disadvantage of this method was the trouble¬ 
some ‘creep’ or rising of the floor, and the ‘thrust’ or sinking 
of the roof, which necessitated constant repairs of the roadways. 
The mine-owners set to work to remedy those evils by increasing 
'the size of the supporting blocks and diminishing the width of 
the intervening sp^es. The ‘post and stall’ system has thus 
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totally cliangod, and rifiwadays the aniouiilt of mineral olitaincd 
in the first stage, is nsnally small compared with the main harvest 
from ‘rohhing ’ the pillars. The terms ‘pillar,’ ‘ post,’ and ‘ stoop ’ 
arc no longer prijper similes, though commonly rel,iiine<l. 

The jilan of a mine worked hy the pillar and stall .system 
of the jiresent day shows a number of rectangular blocks often 
40 yaj'da long by 30 yards wide, separated by drivages about 
4 yards wide, as shown in fig. lf>2. • 

When the bed has been carved out into blocks in this way, 
the work of removing the pillars commences. As a rule, the 
attack begins on the pillars situated near the boundary, so 
that whilst the first carving out proceeds towards the boundary, 
the removal goes on in the ojipositc direction—viz., towards 
the shaft. A place oi' drift ah is worked across the pillar for 

a width of 2 to 4 yards, 
and then, starting from the 
drift il /), the roctauglo be¬ 
yond it i.s removed hy driv¬ 
ages called ‘lifts,’sometimes 
two in inimher, sometimos 
throe, as shown in ligure, 
and marked 1, 2, and 3. 
It may he necessary in some 
cases to leave a little of the 
pillar, in order to keep out 
the fallen rah^iph beyond 
and to prevent a too sndden 
fall of roof. According to 
circumstances, it may he a 
corner of a pillar that is 
left, or a narrow striji on one side. The. working place 
timhored during the removal of the mineral, and when all 
has been taken out, the timber is withdrawn and the roof 
allowed to fall in. While the lifts 1, 2, and 3 are being 
Worked away, another place nl is being driven across the 
pillar, which is jircparation for another sot of lifts 4, 5, and G; 
lastly, lifts 7, 8, and 9 arc worked away, with the exception of 
occasional small corners or strips, the removal of the pillar is 
complete, and its place is taken by fallen rubbish. 

(4) Loiuiwall Mathud .—In the typical longwall method there 
is no preliminary carving out into blocks; the mineral is 
removed in one operation by the aid of long working faces 
or ‘ walls,’ whence the name given to the system. 

After the main roads have been driven out from the two . 
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shafts, and a sfiaft pillar loft to protect them, the working 
faces may assume uic general appearance shown in fig. 16.'!. 
Here A B is a main ro:id connecting the long working face 
CD with the shaft; the various parts of the face Cl) are 
served by the roads aO, cil, e/, etc,, which lead into ohlicjue 
roads and so into AB. When the roads ab, cd, b/, etc., be¬ 
come too long, a new oblique road is started and portions 
of the old roads are .abandoned, as shown by the dottcii lines. 
As wdrk proceeds the face will take the positions shown by the 

C ---- J? 


C -■--- . . ... /) 



Fig. IGU. —Diagram explaining the ‘ Longwall' .system ot working. 


dotted lines C'D', then C"D'' etc. The roof adjacent to the 
working face is iluly timbered, and as the face is gradually worked 
away the hinder props are withd-awn and the roof alloweil 
to fall; the roadways are maintained by building up pack 
walls at the sides. A working face such as Cl) may be halt 
a mile in length or more. The advantages of this system arc 
numerous -viz., simplicity, easier ventilation, economy—for the 
weight upon the face relieves the labour of getting, and more 
large coal is obtained. A decided disadvantage is that between 
the working face and the shaft there is the goaf, which may bo 

10 
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dangerous eitljer as a liolder of firedamp or as a source of iindor- 
ground fires ; tbeae somctimos arise spoutauoously in a little coal 
left behind, and may out oil the retreat of the men to the shaft. 
Lastly, the expense of keeping up the roads in the exhausted area 
is often cousideridilc. 

Occasionally, instead of beginning near the shaft and making 
the working faces recode from it, the mino owner W'aits before 
attacking tlnr coal until he has driven out to his boundary, 
lie then arranges his working faces so that they are continually 
approacliiiig the shaft, and thus leave.s the dangerous goaf be¬ 
hind him. The roads are in the solid coal and where they 
are more easily kejit up than in the goaf, and tlie men at all 
times have a safe access to the shaft. 

(y) Thirli Df.jmiU, Niiwcirk tif I'unnets anil General ‘ Caimiij .’— 
This is a system of working which has hoen applied in the case 
of the thick hods of suljilmr-he.aring limestone in Sicily. The 
bed must he divided in imagination into a series of thick slices, 
horizontal if the dip of thick seam is great, parallel to the 
dip it the inclinalioii is moderate. In each slice a series of 
drivings and cross drivings is made, by wdiieh a large quantity 
of mineral is extracted. The intervening ])illar.s are then cut 
away and weakened, and finally a few shots are fired so as to 
bring some of lliein down completely. This causes a general 
collapse. Now tunnels are driven into the mass of broken up 
rock, of wdiich large quantities can be recovered; but the process 
is often iiiadvisahlc, the friction generated by masses of rocks 
crushing against eacli other frequently produces heat enough 
to ignite the sulphur; and underground fires started in this 
manner have often lasted for years. 

(S) Tliii-k l)e/mil.<, Mlires Pariilld io the Dip. —Thjg method is 
occasionally adopted in thick seams if the dip is not considerable. 
It is very easily understood, if one supposes the big seam to be 
sul)-divided into a series of two or more slices piirallel to the dip, 
each of which is worked like a separate seam. Working the 
uppermost slice lets down the roof, and wdien the next slice 
comes to be worked, its roof is constituted by the fallen stuff 
already consolidated into a coherent mass by the siipcrincumhent 
pressure. Where the thick seam is naturally suh-divkled into 
several portions by marked partings of waste rock, the adofitiou 
of this method is facilitated. 

(c) Tliiek Deposite, Horizontal Sliree. —In dealing with a mass 
or with a thick bed dipping at a high angle, the method of 
working by horizontal slices is common. Tlio slices are removed 
in deseeiiding order. 
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A good cxamp’'- 't afforded by De Boers diamond mine, where 
a mass of diamond-bearing rock oecurs as a huge column, with 
an irregular oval section (fig. 9). It was worked for many 
years as an open quarry, but falls of the ^surrounding rocks 
(‘reef’) caused so much trouble, as the huge pit increased in 
depth, that undergmund mining liad to be adopted. 

The system consists in excavating chambers, and they letting 
rubljisb from the open pit run in and fill them up. The details 
of this method will be plain from consulting the figures. The 



deposit is reached by an inclined shaft sunk in the surrounding 
rocks, and main levels are driven at successive horizons which 
are from 90 to 190 ft. apart vertically, fig. 164 shows the 
main drivages at the 800-ft. level ; there are two principal drivages, 
parallel to each other and following the direction of the axis of the 
rough oval, and from them cross tunnels are put out at intervals 
of 36 ft, and extend to the limit of the ‘ blue,’ or, when directed 
towards each other, till they meet. Another set of levels is 
driven at a depth of .30 ft. below the main tunnels, .and a thiid 
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set ata fiirtlior licpili of 30 ft. The blech of ground between two 
main horizons thus becomes divided nj) into a scries of horizontal 
slices 30 fr thick, each of which is cut ii|) by a network of 
tunnels 3<; ft. ap;y;t exlcndinc lo the surrounding rocks. When 
this rock is reached, the tunnels'arc widened out till two adjacent 
working-jilaoes meet, as shown on the jdan (fig. 104). The next 
process is to nsr, or work upwards, until the ‘blue’ is traversed 
and the waste fallen roc.k aliove it is met with. This is allowed 
to run in and forin a heap, upon which the workmen stand in 
order to lilast down the remaining part of the slice of ‘ bine.’ 

As this is taken away, 
the waste rock (reel) 
follows. Fig. 1 C.'i shows 
also that the workitigs 
in an ipijicr slice are 
al way f urther advanced 
than those in a lower 
one, Only the main 
levels are ]irovided with 
regiilai traniway.s. 'i'ho 
‘tilue’ got on the inter¬ 
mediate levels is thrown 
down shoots, and so 
lind,s its way to the 
main level, whence it 
can be luiisteJ to the 
surface. 


(c) Filling-up MeUmh, 

In this case the 
mineral is removed com¬ 
pletely, and its place is taken by a lllling of waste material. 
With thin seams or thin mineral veins it is fref)nently necessary 
to excavate a groat deal of nseles.s rock above or below the 
seam, or at the aide of the vein, in order to have space enough 
for the body of the w’orkman.' Thus at M.ausfeld, for mstaiiee, 
the workable part of the coplicr shale seam is only about i) 
or .b in. thick. From 15 to 30 in. of roof are blasted down 
in addition in order to make room, and all the waste so pro¬ 
duced is jvaeked or ‘ stowed ’ in the excavations and fills them 
up. The scam is romoveil on the longwall system (fig. 166). 

Many seams have partings of waste, and many mineral veins 
have barren or poor parts which can ho picked out, and all this 



Flo. le.'i.—Veitical .secDen cf pait of l)c 
!ii‘cr.v; thaiiioiid Tiiim’, 
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rnWiish serves to till the vaciint spaces more or less oomplolely ; 
itiid in other cases it is con.siilerod desirable, for the purpose of 
safety and for preventing irregular suliKidenee, to pack the 
exoav.atiun e.ntii’ely full of rubbish obtained froifl elseu'here. 

'J’hi! V:in mine, Montgnniein shire, at one time the |>reniier lead 
mine of the kingdom, iifFonls an excellent example of a wide vein 
worked by the lilling n]i method. The vein was often lO'ft. widi', 
and it would have been impiissible Uj leave large open sjiaees with 
safety, bi-canse the hanging wadi would most certainly have f.dlen 
away from a clay vein (Jliicati, B, fig. 167). 'J'lu' vein was divided 
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I'm. Miil.—Plan of bingwall woikiugs, ]\liinsfvhl eojtper iiiiiies. 


All ivprt'seiits a main tamiel or Icvl iliiTcii along llie stnle of tlic .scam, 
whirli IS dipping at an angle ol ahoiit 5" or 6' ; 0 II l.s Ihe mevt (aninjl 
liclow it ; li i' is tilt! working fat-o, a tiiio ‘ long wall,’ foi it is from tillO 
to 800 yaiila in liiiigth ; E' F' and E'' F" rcprcstiiL lutnn* posiliona 
of the winking taco; a, b, e, d, r,/are subsidiary roads iiiiiiiitaiiied ni 
tile ‘ goaf ’ or exliaiistcil an a wliirli is stowed wiih nililnsli. 


into zones 90 ft. high, and each zone was removed hy hnrizoiital 
shoes of about 0 ft. high. The zones were taken in deseoudiug 
order, the slices in a.sceiiding order, and as the ore was excavated, 
its place was almost immediately taken by waste, jiartly obtained 
from drivages in baixen ground, and partly quarried specially 
at the surface and drojiped down shoots. 

Fig. 167 represents the state of filings when about one halt 
of a zone had heeii worked ^way. A and N are two crosscuts 
90 ft. ajjart, driven tlirongh the soft fluran li and the poor or 
‘bastard lode’ C, into the regular lode F. IIH arc main levels 
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aloiii; tlie strilic ot tlio lode. D representH a part of the Tein wlioiioe 
the ore lias heeii removed, the excavation heiiifi filled up with 

waste material. 1 is a shoot 
or ‘ pass ’ for throwing down 
the waste; K is a similar 
shoot for receiving the ore 
and conveying it into_ the 
level below. 

Thick coal scams dipping 
at angles ejcceding 45° or f)0" 
are sometimes worked in a 
very similar maimer. 

Tarts of one of the hig 
veins of oupreons pyrites at 
Tliarsis* have the excavating 
and filling processes carrieil 
out somewliiit differently, but 
always with the same (ihject 
in view, viz., complete re¬ 
moval of the mineral and 
avoidance of dangerously largo open .spaces. The vein is 5'I ft. 
wide in places as shown by fig. ICE. It is sub-divided into 
liorizoatal bands or zones ;!3 ft. thick, and each band or zone is 
removed crosswise, first by a vertical slice 1C It. wide and then 
by parallel vertical slici's 13 ft. wide. As the first slice is 
‘stoiied’ away from below upwards, two walls (fig. ICS) are 



Ft 1 . It)?.--Working a wide lode by 
the Iil!iiig-u]i iiietlnd Van niiiu), 
Montgomeiysliire. 



Fjo. 168 .—Tlaii showing method of extiaction of oic. followed by complete 
lilting np with waste material, Tliarsis mine, Sjiaiii. 


built np with rough stones and the interspace filled with rubbish ; 
eventually the vertical .slice of lode is replaced by waste held 
between two walls; when the adjoining slice is taken away, only 
one wall is required to keep up the waste. 

Largo excavations in the anthracite mines of Pennsylvania and 
the coal mines of Silesia are now being economically and 

* Courtney, “Mining and Treatment of Copper Ore at Thai sis, Spain,*' 
Vroc, Jitsl, C.E.^ vul. exxv., 1890, p. 126, 
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successfully packed by a water-flush system. Fine waste from 
the washeries, or granulated blast-furnace slag, is carried down 






SHRTACr- 



fiiN. Ififi ail 1 170. -Vi riiiMl si'ctiim alnuvitiy iiiothn'l af i,ti)|iini.' ainl filling 
up, Xii.iiMs iiiiiic, Sii.iiii. 

iiibi the mine by a current of water in pipes, and allowed te 
settle. The chambers are thus completely lillcd up and the 
intervening lullars can then he remoM'd with sal'cty. 



CHAPTER VII. 


HAHIAOE. 


Till! mineral broken down in tlio workin;' place must, be brouolit 
to tlic surface. In a typical mine Hie transport is pei-formed in 
two iiperatioiis : tbe mineral is first convejeil alono more or loss 
horizontal road to a shaft, and is then lifted np this shaft into 
daylight. The former kind of transport is often called ‘haulage,’ 
and the latter ‘hoisting’ or ‘winding’; bat there is no strict line 
of demarcation between the two processes, unless the term 
‘ winding ’ is restricted to raising tninoral in a vortical pit. This, 
however, is a purely coal-nuncr’s view of the (jnest-ion; and as the 
ore minor uses the word ‘shaft’ both for inclined as well as vertical 
pita, the practice of colliery engineers cannot he followed in a book 
n|)on general mining. It is convenient in dealing Avitli haulage to 
include trans|iort on the surface, because the plant and appliances 
arc often identical with those employed below ground. 

One form of transport, tbe railyay, stands out as pre-eminently 
imjtortant, though not to the exclusion under certain conditions of 
other methods. The subject will therefore he considered under 
the following headings:— 


(1) Methods not Inmlving the Use of Jiaih. 

Carriage by persons. Wheelbarrows. 


Shoot and lattmlers. 
Conveyors. 

Pipes. 

Sledges. 


P.ack animals. 
Carts. 

Boats. 


(2) liailirai/s. 
Plant. 
Power. 


(3) Aerial Ropeways. 

I'll Loading ami Vnhaditig Shijis. 
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(1) Methods not Involvuig the Use of Bails, 

Gamage hy I'ernons. —Tlie simplest and no doubt the oldest 
method of transport is oarriaije by persons. Where it is (he 
custom of (he country to carry poods of all kinds on the head or 
on the back, it is not unnatural to iind this method of transport 
adopt,(tl for ininoral. Thus, women are employed in India to 
carry coal in ba.skpts from the working places l,o the nearest 
tratnroad; boys cany sulphur rook in Sicily, men and boys carry 
skate in Germany and France, and transjiort of this kind may 
furtlier iie seen in Continental Italy, Sp.iin, Mexico, China, and 
.lapan, and c\cn at home in the Forest of Dean. 'J'ho work is 
not eoiilinod (o horizontal mads, for the tnineral is sometinies cou- 
viyod u]i steep steps or even ladders in this fashion. 

S/toofa (rhiitfn, U.K. A.).—These are [lassages or troiyghs for 
e.on\eyiug mineral dnwnnanls hy the mere aidion of gravity ; tliis 
is often the cheapest and easiest way of conveying mineral short 
distances from the working place to a proper roadway. When a 
mineral vi'in is being stoped away overliand, a space like a 
cldmney is reserved in the nihbish hy hnilding a wall of stone or 
jmtting in a tmiher lining, and the mineral is drojiped down this 
‘jiass, ’ ‘mill,’ or ‘ehnte’ to the level below (lig. 107). If a 
]iro|ier door is jirovided at the bottom, the waggons can he loaded 
cheaply and e.xpediliously. 

The use of shoots is not eonfined to nnde.rgromid workings; 
they are om|iloyed on the snrfaee in hilly districts, and indeed it 
has sometimes been worth while sinking a sliaft in a mountainous 
country for tlie sole purpose of dropping ore, down it and so saving 
tile expense of tlie diliicnlt conveyance along precipitous jiaths. 
Fig. 171 * represents an ore slioot on a steep hank; it is simply 
a sloping wooden trough. 

Gonneyon. —The term conveyor is applied to a number of 
appliances, which, while tending to the same end, pierform their 
work iu very different ways. 

The ‘screw conveyor’ is an Arejiimcdean or a skeleton screw 
working iu a trough and pushing along its contents. A second 
form is the trough conveyor, iu which the mineral is scraped along 
by a series of discs attached to an endless rope or chain. Mineral 
is often conveyed by endless belts, and a recent form, the Rohiiis 
Gonveyor, ha,s met with a largo amount of success. As shown by 
figs. 172 and 173, it is an india-rubber bolt running upon 
rollers. By suitably arranging the rollers or idler pulleys at the 
* Brewer, “ Texada Island,” Sitg. ami Min. Jour.^ vol. Ixxii., 1901, p. 665. 
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sides, the belt is bout into the form of a trough—indeed, it becomes 
a travelling 1 rough. The lower half of the bolt runs upon Hat 
rollers, as the curved shiqie is no longer rec|uired (see also tig. 7()). 
The Kreis Oonvt'yor is a trough, supported by springs, which 
has a recijiroe.atiug motion im]iarled to it by means of a crank. 

I'ijn'n .—The Jiipe is availalih; where liquid or gaseous minerals 
have tit be conveyed ; but it is of more use on the surface than 
uiideigrouiid. I’rine. is taken long distaueis in wooden or iron 
pipes, .and there are thousands of inile.s of pipes, e.speci.ally in the 



I'm. 171.—Ore shoot, Tor.ula Island, ti.O. 


United St,ate,s, for conveying .petroleiiiii and natural gas. The 
long petroleiiin jiijie line,? are dividvd into sections, and each 
section is jirovided with a pump which forces tlie liipiid tliroiigh 
tlic pipe whieli lies upon tlie uiidnlating surface of the country. 

SkdycA —Hand .slodge.s, or sleds, enable heavy loads to bo 
carried, but the road must slope downwards; they are little 
employed underground. Their use survives in mountainous 
districts tor trimsport down sloping jiatlis; their great disad¬ 
vantage is tlie toil of carrying the sledge back uphill. tSlodges 
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drawn by hoi-Hes have been employed even in recent years in 
- Nortli jiles for the conveyance of manganese ore. 



Flo. 172.—Kobiiis Belt Conveyor, ased also as a ]>lcldng tiible, War Ra^;le 
mine*, Rosslaiicl, B,C. 



Fio. 173.—Robins Belt Conveyor, U''Cd also as a })jfl<ing table, Kortli TTiU 
iron aud zinc iniiie, Franklin, N.J. 


Wheelhai'wxofi .—WUeclbarrowa are made of wood or steel, with 
a wooden or a steel wheel; they are tipped sideways, or over tlio 
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Olid. The wheelbiirrow is often propelled along the nutnnil floor 
of the working place or leiel; a proper road made of planks or 
sheet iron lessen.s tlie labour cou.'iiderably. 

I'a'ih: -4 ntHtafe—Horses, nmles, ponies, donkeys, or c.aniels 
laden with sacks of mineral are a eoinmon sight in various parts 
of the world whore cart road.s liave not yet been oonstrnoted. 

OaflK.--]n the low passages only 18 in, high hetwepn the 
working faces and (,he main ro.ad.s at the Alansfold mines, tiny 
waggons, with four wheel.s riiiiiiing ipion the natural, floor, arc 

r ...I 



Fio 171 —biilloek (art conveying stone frnm n quariy, Karaclii, Indi.i, 
The load i.s lastened on by ropes. 


employed for the transport, of the co[iper ore. 'J'he.y are drawn 
by boys. 

(.'arts drawn by hor.se8 are used in some underground (juarriea. 

Above ground the cart lias«bcen a common method of transport 
for all lauds of mineral from time immemorial; it is drawn by all 
aortis of draught animals. 

lioaU .—Conveyance by boats undorground is very exco[)tional. 
In this country there is an adit level at the Tankcrvillo and Bog 
mines in Shropshire, which is known as the ‘ boat level,’ beeause 
lead ore was formerly carrioil in boats to its mouth, a distance in 
some places of 1| mile. This level now serves merely as a 
drainage tunnel. 
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At the Dordtliea mine, near f^lansthal, in tlie Ilartz, there ia a 
level more than 400 ^'ards below l,he surface, along which there wab 
at one time ,a large amount of traffic by boats, eacli of which 
carried about five or six tons. 

(2) Eailways. 

The jioints to be considered are: (a) the jdant, irieluiA.n'y rails, 
waggons, jioints, turntables, etc.; and ((>) the nieans of pro|iulsion, 
(«) riant. - X'arious forms of rads arc in use. The simplest 
is a bar of iron set on its edge, or a strip of flat iron nailed to the 
longitudinal sleejiers. Hails of the former kind are made, for 
instance, of bars J by 21 m., or J by 2] in., fixed by wooden 
w'edgc.s in slits cut in the sleepers, 'fins rad has the disadvantage 
of wearing a groo^e in tin* flange of the wheel, but. it is easily and 
ipiickly laid and readily bent into curves. Hails made of bars of 
round iron are used in some Welsh slate ipiarries. 

The hndge rail was in fa\onr at one time, either laid n]ion 
loiigitiidiii.d i.*r cross sleepers; hut nowadays hanged d-hcaded 
rails made of steel are pi'olerred. Care should he taken to have 
strong and welldaid lines, espoei.ally whore there is likely to he 
much traffic. In this, as in many other departments of mining, 
it IS very had economy to cut down the expenses too much. 
What is saved on the first etist 
by })utting in hgiit rails will he 
spent over and over again in 
repairs, to say nothing of the 
loss of time and money caused 
by di'lays in the traffic. 

'J'he gauge varies from 14 in. 
to 3 ft. or more; 20 in. to 22 
in. is a common gauge in vein 
mining. The weight of the rails 
for such roads is from 10 to 30 
lbs. per yard. Figs. 175 and 
176 show the sections ado|)tcd 
res|ieetivply by Legrand of 
Mons, and Howard of Hedford, for rails weighing 18 lbs. per 
yard. The rails may he simply spiked lo wooden sleepers, or 
they may he laid in ehairs. In important roads tishplates should 
be used. 

Steel sleepers have proved to he very convenient and efficient, 
and in this country tliey are .often cheaper in the end than wood. 
Among their advantages are exact uniformity of gauge, easy and 



Fids. tT.'i and 176.—Sadioiis 
of sfeid rails. 
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rajjirl laying, fowpr repairs. They are usually made of rolled steel, 
an<l the rails are fixed either hy clips, or by clips and keys. 

Points and oro.ssiiigs must bo provided. The points may be 
like those of an ordinary railway, with tongues mowed by levers. 
Anollier jilan is .to leave gaps between the rails where the linos 
diverge or cross, .and interpose jilatcs of cast iron upon which the 
flanges of tlic wheels run witliout any difficulty. This arrange¬ 
ment js suitable for case.s where a man is pushing the waggon, 
for he can turn it on to whichever road he chooses, but'it will 
not answer in the c.ase of haulage by engine power. Kach plate 
has a rim or edge on the outer side, which prevents the wheels 
from running off. 

Flat plates, or ‘flat sheets,’ as they are often called, are 
commonly used where there is a very sharp hend in the road, 
such as when a eruss cut joins a level almost, if not quite, at right 
angles. The plate is made of wrought iron or cast iron with 
ridges forming prolongations -of the 
rails, as shown in lig. 177. The 
waggon leaves the metals and the 
flanges of the wheels run upon the 
plate; as its surface is perfectly 
smooth, the waggon is easily turned 
into the required direction, and the 
curved ridges guide tlie wheels into 
the track which they have to follow. 

The inclination of the road is not 
witliout importance, because there 
Fie. 177.—Flat plate. .are usually waggons travelling in 

both directions: full ones going to¬ 
wards the shaft or other outlet from the mine, and empty ones 
rctiirniiig to the working jilaccs. Tlie inclination downwards 
towards the shaft assists the work, but if it is too great the return 
journey causes a useless expenditure of labour. 

Inclinations varying from J to ^ in. per yard, or 1 in 288 to 
1 in 141, arc coinmon. 

The condition of the road between the metals deserves more 
attention than is usually' besto^wed upon it. 

The waggons (trams, tubs, Imfchnit, hagim) arc made of wiaid, 
iron or steel. They consist of a body or box resting on a fr.arao 
carried by four wheels. They vary greatly in shape and size 
accoi'diug to the nature of the excavation and the kind of material 
transported. In some localities, where the conditions vary but 
slightly, waggons of standard shapes and sizes might be adopted 
with profit. 
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Til some mines tlie mineral is loadeil in Tlie level into an iron 
buckel^ (/lihhlp) st.». .iint; ujiiin a trolli'y, wliieh is merely a sinall 
platform upon four n heels. This trolley is pushed {trammnl) to 
the shaft; the full kihblo is hooked on to the windin;? rope and 
drawn up, whilst an empty kibble is placeil tipop the trolley and 
tramnied along the level to the spot where it is again loaded from 
a shoot or by a shovel. 

Wheels for mine waggons generally have a single !!■ mre, and 
are iiTado of ordinary cast iron, chilled cast iron, cast steel, or 
forged steel. Steel and chilled cast iron are the materials most in 
favour; lioth have advantages. The wheels ni.ade of chilled east 
iron .arc rather heavier than tho.se of steel, and are brittle; the 
flange, for instance, will break under a blow which will not damage 
a steel wheel; but ,a pair of chilled wheels will often outwear 
several jkiu-s of steel wheels, it they happen to escajio the liurd 
r.aps to which mine waggons are liable 



Fii;,-. 17S aiKi 179.—Side flevatioii ami etui olovatioii ol n (■(umiioii fiirm of 
iiiiuo waggon. 

IMuoh difference of opinion and practice exists coiiceruing the 
attaclimont of the wheels. Four systems arc in vogue; axle.s 
lixcd and wheels running loo.se upon them; wheels fixed to the 
axles, which run loose in pedestals attached to the frame or to 
the body of the waggon ; thirdly, combination of these two 
systems, viz., wheels ruiming loose on the axles and axles running 
loose in the pedestals; fourthly, oue wheel fast on the axle, and 
the other loose. 

The following points should bo considered in designing a mine 
w.aggon:— 

Snuillest weight eomp;itible with strength. 

Small height, if the waggon is to be lillcil with tlic sliovcl. 

rrotoction of the wheels from injury. 

Constant lubrication. 

Adoption of a uniform type of waggon for the mine, or if possible 
for the district. 
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Material wliicb caupes the least cxpoiiditiire for repairs, 

Ea^y liandliDp; and easy re|)lae.e,inciit on ih?' rails 
A form whie.li vviil not teinl to produce dust. 

In a few oseeptional eases tlic luinerul raised in the mine 
does not. reipdre,a box or eliest. This happens with slate, for 
(.lie h)oek.s .are brought iij) on (riick.s to «dii(!h tliey are in.adc last 
by e.h.ains. 

(b) Iranis of I'rojiuJfion .—The j»nvcr for moving luino waggons 
is obtained from one of flie following sources:— ' 

a Men, boys, women and Lurls. 
ft Horses, ponies, donkeys, and nndes. 
y Gravity. 

S Mechanical power; 

Travelling engine. 

St a( ionary engine. 

a Eeinale lahoui underground is jjrohibitcd by law in tlie 
United Kingdom, and no doubt it is ilcstiiicd to disappear in 
most other countries. Wo need deal only with rnrai and boys. 
Where the jiassages are higli enough to take waggons standing 
R ft. above the ground, men are usually employed for drawing 
or pushing them. It is convenient to have waggons small enough 
to he handled by one man, and also to he put liaek on to tlie road 
by one man, if by ohaiioo they leave the rails. 

The large waggons and loads at Imstiniog reipiirc two men, for 
(he load of rnhhifih commonly amounts to IJ or d tons. The 
waggon and load together may weigh as luneli as di tons. 

ft I'raction by horses or ponies is clic.ai)er than using human 
]iower, hut it is not always practicable to employ it. There 
are many ore mines in which it would bo impu.ssilile to lower 
a horse down a shaft; and even where the descent could take 
place, there would often he the further ilrawhack, that as the 
work proceeds with comparative slowness, owing to the hardness 
of the rock, there would not ho ‘stuff’ enough broken in a given 
time to keep a horse e.onatanlly employed at any particular level, 
vvliilst shifting it from one level to another would entail much 
difficulty. 

()ii the other hand, at collieries witli their largei output, aniiiial 
power is greatly employed. 

The horses are stabled below ground, and much care is taken 
in many iiistane.es to provide ]iropci' .acooinmo'lation for tlioni. 
The stables are paved with bricks or concrete, slojiiiig towards a 
gutter; each horse has its stall, or a loose board is hung between 
every horse and its iioiglihonr. Clean water is at hand for 
drinking. 
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y In workin;^' dcjjosits, it i-s often nccesKjiry or 

convemoiit to iDVver a wagf^on down an iiudincd j)lanc following 
the dip. Inclines for this ]nirposo usually have two lines of rails, 
on<! for the dcsceiniing and the other for the ascending waggon. 
A wije ro])e or a chain f)asbes round a pulley or drum at the top, 
the axis of winch may he horizontal or at right angles to the 
plane of tlio deposit. Kac'h end of the rope e,an he hooked on to 
a waggon, and theweiglit of the full waggon going down snfl'ocs ‘o 
rais(! the oni})ty one. The speed is regulated hy a break on the 
jiulley or drum. 

Another method of working inclines is to make the full waggon 
when itdeseemis draw up a weight, running on a special line of 
rads, which is heavy eiiougli to lu'ing up th<‘ emiity. In ordiT 
to economise space, the line of rails for the weight may he made 
narrower than the one used for tlie wagg«»u, and may he laid 
hot ween thi‘ two main rails. 

If the mehne is steep, a carriage with a huri/onlal platfonri 
is pro\i(hxl. 1’ln^ mine waggon is pushed on to tins travelling 
}>latform ami ascends or descends in its ordinary position. 
Self-acting inehncb above ground serve the miner in good stead 
where tlie country is hilly, and aie often consirneted on a very 
large scale. 

8 Machinery is em])}oyed for haulage purjioses eitlier in the 
form of travelling engines or stationary engines. 

Locomotives tired with coal liavc the great disadvantage of 
jiollnting the air l>y the jiroduets of eomhustion, eonse(|uently 
they are not available unless the ventilation is very good, nor 
unless ihcre is an ahsem-e of intlamniahle gases and freedom from 
tiie risk of setting fire tu the timbering or to the mineral itself. 
A small loeomotrive of twohorso jiower is used on an track 

in the long udii of the (jreat Laxey lead and zinc mine in the Isle 
of Man ; and at Rio Tnil.(» in Spain a much larger engine plies in 
the adit on a line with a gauge of ,*l ft. h in. 

Locomotives driven by compressed air, carried in a large 
reservoir, im]jrove the veniilation instead of injuring it, and 
entail no clangor from fire; but, except in special eas(!s, they 
cannot he w'orkcnl so chi'ajily as -ngiues bred with coal. Air 
locomotives are employed in several mines in (ho North of 
England, and in tlio Lnih'd States (fig. ISO). 

An enormous amount of umlcrground traUic is carried on by 
tlic power geiicrat(‘<l hy a stationary prime mover placed above or 
below ground, and tins ])ractice is far more developed in collieries 
tlian in vein mining, wIktc the quantities of mineral to he handled 
arc as a rule very much smaller. 
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The Hii}>joct *r'liisniissuin (if [vi\v(.ir hits alix'adv Ix-en 
suffir.iently (liscu.sseil in Oliiiptor IV, and ncril nnt li(' d(.’.'ilt, 
witli here, save that it is nccessai-y to point out tliat tlie 
conditions of the prohleni are not t.lie same vtlion )io\ver lias 
to he a])|)liitd to hanhioc as when it is rciinired tn a coiistantiv 
chani'in;; working face. As tlio niinera! lias to lie brouftht to 
the sliaft, a steam engine and its lioiler, if necessar'', can tie 
placed.in the immediate vieinitv of the pit tiottom aiifi the 
exhaust st,eain can bo got rid of without interfering willi the 
eonifort of tlie men or injnrinf; tlie condition of the workings. 
I’rojKT rooin.s can be made for tiio engine and tlie lioiler; coal 
ean lie bronght down and the aslies removed witliont dillicnlty, 
Jtveryltiing ean be arranged in a permanent and .siihstantial 
fashion, so that the steam power mat be generated on the spol for 
lianlage purposes tielow ground wben it would not be practicable 
to einiihiy it for breaking down the mineral. Ag.ain, when power 
has merely to he transmitted down a tertical shaft in order to 
work .a drum near the bottom, cndlo.ss ropes may be used, 
altbougb they would bo quite out of place if they had to be 
carried along narrow, low, and crookod levels. 

Five .syxteni.s of haul,age by means of a stationary prime mover 
are in use :— 

1 . .Single rope. 

ii. Main and tail ropes. 

iii. Endless mjie. 

iv. Endless chaiii. 

V. iflecLric lociiiiiotivc. 

i. The single rojie system is availa.blo with a road .siillicieutly 
iiieliiicd for the empty wa,g,goii to run down of itself, after the 
load has been Imniglit ii]i, and draw back the rojic with it. tine 
road will siillice, and the machinery required will lie some kind 
of drum, around which the rope i,s coiled, and an engine for 
driving it. 

'I’he ilriiin is usually placed horizontally; it is provided with a 
lireivk, and tliere is a diseiig^agiiigclutcli hy whicli it can he thrown 
ill or out of gear wntli the engine. .. pair of liorizoiit.a,l engines 
which have their cranks npun the dnmi shaft, nr which drive it 
by means of a pinion and spur wheel, form the eoinmon method 
of applying the jiower. 

The wire ro|ic has one end fixed to the drum and the ether is 
provided with a hook of some kind ; this is attached to a link of 
the coiqiliiig chain of the truck and the load is drawn up. On 
reaching the top of the incline or engine-plane, the waggon is uu- 
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U(H)kcd, and cinicr juisliod, or aDowed to r,^nYcl of iLsolf under the 
ariion of gravil v. fo the |»jt bottom, whore tlio onseltcr runs it on 
to the cage in wiiich it is ruis'‘d 1o tlic surface. 

An oni])tv wagg'*n is then hooked on and run on to the incline, 
and the engineniaii, with his break under |)ri»|K'r control, dis- 
engag(!s the drnni by means of the clutch and lowers the load 
without using any steam. AVheii woiked in this way, tlie incline 
re.|uires only one rails. A senes of rollers have to. he j)ut 

in for the purpose of keeping the rope from trailing on the 
gfoimd, and of thus preventing much unnecessary wear and friction. 

Tlio inchm‘ may be woiked with two hues ot rails, after the 
fashion of the sell aeiing inclines; anil this system has tlu' advan¬ 
tage of being UKU'C economical, for the ilead wei.ght of the loaded 
waggon coming up is balanced by the weight of tln^ em]»ty <>n(3 
going down. It is not even necessary to have two lines all the 
way; j»ro\ided there is a sulbcjeur leiigtli of double line whore 
the waggons meet, the incline can h<‘ worked with a leiigib of 
single line at the toj. and a similar length of single line at the 



Fm. ISl.-'Diagram exi>laniing main and tail rope liaulage. 


bottom. Tt) prevent a w'aggon from running down in c;a:*.e of the 
rojie or a eoujding link breaking, a safety appliance, called a 
Mjackstny,’ may be attached to it. it is a sort of a fork which 
luings hrdnnd the waggon, and just touches the ground; if tlie 
rope breaks, it digs itself into the road and prov(‘nts the waggon 
from going down. 

ii. ttnthe engine plane just descriliod, the empty waggon goes 
back undtT the action of gravity ; with very slightly inclined, flat, 
or undulating roads this is impossible. One luetliod of o\orcfnuiiig 
tbi'. dit]i<'uby is to mid a ro])e, called tlie ‘tail ro]»c,’ which will 
draw the emjdies back ; the rope which draws the full waggons is 
known as the ‘main rope.’ 

In tig. 181 a is a drum upon which is coiled the strong main 
rope : l> is another drum upon which is coiled the tail rope, })assing 
round the ]»ulh‘y c. 'Pho w'aggons arc coupled together and form 
the train or ‘set,’ wliich may in reality consist of as many as ahiiudred 
waggons. Suitable clutches enable cither drum to be worked at 
pleasur<‘ by tlie engine, while the other is allowed to run loose 
upon the shaft. Each drum has a break, by means of which tho 
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rope rnn bn prov,”* from boconiin^; too sinrk whilo uncoiling 
itself. When the dnuii a is made to revolve bv the engine, the 
main rope is wound u}), tlie drum h running loose, and tlio train 
or ‘ set' us drawn from c to a. Hc're the waggon^ are imcoujded 
and ])nshcd to tlie shaft, or, ladter, the stal-ion at a is arranged so 
that there it is sutlieiently higli lor tlie waggons t(» run down of 
themselves under tlio action of gravity, A new train >1 epipties 
is tliei> made up, the mam and the tail r«>pes are attaeluxl to jt, 
and the drum h set in motion so to wind up the tad n)]ie and 
draw the waggcjus into the tcniunus at e. It will be evident from 
a glance at the figure that the tail rope must be twice as long as 
tlve main rojie. As the tad rop(' lias simply a train of enijitievS to 
haul (Uit, it may be niade small<‘r than the mam rope, exet'pt in 
cases w'liere the roLul has a d<ovuward inclination towards the sliafi 
suflieient to cause the loaded train to run down of itself and draw' 
the tail rctjK* after it. 

iii. A common moth(»d of underground haulage is by an endless 
rope pa-ssing round a ])ulley at each terminus, and generally 
travelling continuousl}’ in the sumo direction. The rope i.s Iv'‘[)t 
in a state of tension by carrying it round a tightening sheave, 
which in some instances is one of tlie lerminai pulleys. Tlie 
iiglitcning sheave or ]nilley is carried by a frame running U|» on 
wheels, and is constantly drawn back by a heavy weight. Tlic 
necessary grip of the roju' is obtained by coiling it several times 
round the driving drum, or round a driving pulley with grooves 
and a second grooved pulley cdose by; the tope wraps itself, b-r 
instance, upon tlirco half circumferences of («nc pulley and two of 
the other. The Sjieed of an ornlless roj)c is usually from two to 
throe miles an hour, though instances may be cited of as low a 
sj»ced as one mile an hour, ^i’he end!(‘ss rope systi in admits of so 
many modifications that to atteinjit to enter into details’ would 
occupy too mucdi time; it will suffice liore to point out tliat two 
classes may be made according as the waggons are attached singly 
at intervals along the roi>c, or are made up inti» trains and 

each of these may be sub-dividi'd according as the rope is placed 
above the waggons or below’ them. 

Soviu’hI modes of attachment are in use. If tlie gradient is all 
up hill a very simple clip is sufficient. Tlie rope is made to rest 
in a fork on the waggon, and as it is bent out of line of jmll when 
in motion, it is lield tightly enough by friction to draw along tlic 
load. If the gradient varies, a fork is jmt on each end of the 
waggon, or a screw' clip is employed ; this resomhles a pair of 
tongs, the jaws of which are brought togctlicr tightly by a screw 
worked by a handle, and hold tlie rope with a firm grip. 
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iv. 'Hh* oniliosH cljaiu may W luokcil as a var’u ly of tbc 
piv.viou,' system, a chain being snbstitu(rO<l for the r<ipe. 

V. Wheru tlicre is no banger from spaiks, the electric railway 
fornjs a svlnlion of the problem. The current su{>})ljeb by a 

jlynamu at the surface is conveyed along a wire suspended from 
the roof of the l<5vcl; and it pisses down a trolley arm to a 
mo 1 *'»’e well onensed m a strong iron covering, which by the aid of 
LO'jiMug drives two wlicele of the. locomotive. Tlie gem ral hp]>ear“ 
ance <if an ch etiic mine locomotive is shown in tig. 182. 

(3) Aerial Ropeways. 

There are seieral varieties (»f the^e ropeways, the character' 
istics of the two most nnj»oitant arc . 

fy/) Kndless ropiy which is the supporting rope and liauling 
rope at the same time. 

(/>) Two supporting T<ipes, and an endless nipe for hauling the 
load. 

In the former system there is an endless lope, su)'portetl by 
pulleys on strong wooden or iron posts placed at suitable iiilctwais, 
which is set m motion by any available source of jiow'er. Sus* 
pended from the rope are huckels in whicli tin' mineral is carried, 
'i’ho hnck«!ts may he detachable at jih'asure, or they may he fixed. 
Hodgson’s original ropeway has dotaeliahle huckets suspi-ndcd by 
iron haiigi'rs to grooved blocks of wood resting ujjon the rope. 
The earrying block has a sjmidlc with a small grooved ]uillev, 
which can be made to run u])on !i rad at each terminus and so let 
th(‘ rope move on without the load. Tlie bucket is lilled from a 
shoot or hopper while hanging on the rail at the loading terminus. 
A workman tiien pushes it along rhe rail until tlic c:irrving block 
is taken up by the rope, which is always in motion : the load now 
travels along suspended from the ro})e, the earners being con¬ 
structed so as to pass over the pulleys. Oa reaching the unload¬ 
ing terminus, the carrying block is again shunted on to a rail, and 
lhebm:ket is tip]ied by lifting up the catch wliieh had kept it 
from turning about pivots. The empty is now brought round to 
the point where tlu' rope, afUT passing round a terminal pulley, is 
about to begiu its journey back to the loading station. Here it is 
shunted on to the rope and travels along with it. 

On steep inclines the sadtile or carrying hloide is sure to sli]), 
and it becomes desirable to fix the support of the hanger tighiiy 
to tlw.- rope. In many cases the ropeway nccils no driving pow-er; 
the full buckets in their descent draw u]) the empties. 

The Lwo-rope system is suitable for larger (piantitles, 'fwo 
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main ropos serve us ucnul rails ami act S' irly as supports, whilst 
an endless rope whieli is cunstanllj' travcdling has the loads made 
fast to it at pleasnro. Ropeways working upon this plan have 
been perfected o( late years by (ttto and by llleichert in (Germany, 



where they are coinmouer than in this country. They are con¬ 
structed for distances of from two to eight or oven ten miles, witli a 
carrying capacity of 600 to 800 tons per day of ten hours. The 
separate loads may vary from J cwt. to 1 ton each. 

'I’hc kind of cable used on the most recent lines erected on the 


Fi«. 184.—Cross section of wooden loading |»ierat Huhilli, Minn., U.S.A, 

The elistaiiee hctwecn tlie standards varies aecnrding: to tlie iiatuic 
of the country. 

The hauling roj)o must be very flexible, and is made of line 
steel wire with a lieinjicn* core. The mode of attaehment of the 
load varies with the gradient of the line. If the gradient is less 
than 1 ill 6, the amount of friction necessary for griti})ing the 
rope tightly can lie obtained by liringing it Ixitwocn two Hat iron 
discs and clam]»ing them together with a screw. One of these 
discs is rigidly attached to tlie hanger, and the tiglitening screw 
of the otlier can be loosened automatically by providing a pro¬ 
jecting lever, which comes in contact with a stop at the terminus. 

If the gradient is between 1 in 6 and 1 in 3, tlie discs are made 




































1 ) 


Tills KLKMKNI'S n!-' MINING AM) QUARKYIKIi. 



with i/tfruL,^at(‘(l instead of 
sHjootli Kiirf;u.'i'S. When the 
j^r.i'lioiit exceeds 1 m 3, 
:niotli'“r de\ieo lias to lioein- 
)>lo\e<l ; projecting knobs are 
Hisei'ted into the rope at 
n';;’idar intervals, a lid on meet ¬ 
ing' v\it}i |)ru|»'v]\ ardimrc'd 
srops upon the loads tlie\ 
eanse them i,o tr<iv(-J along, 

(I) Loading and Uiiloading 
Sliips. 

Where t lie mineral is hemir 
ohtaimel in very l;ir<;e 
'jinnuth;-', eh«ap nielhoils of 
handling ji i-eipni-e speeial 
.till ntion, md<‘ed, the answer 
lo the ‘{I'estmn, “t'au lliis 
mine he workel protilahiy 
wdl oft<-n depend upon tiio 
faeditu's for sendingaway and 
rceciviiie Its jirodm'c. It is 
Well, iheiedore, for tiie i l<‘ 
meidary student to know 
something of (be siil»ie('t. 

I n 111 I laml has (he mat ter 
been more carefidly studied 
(Jian in (.he Ibnt'd States, 
and an ln^(a•llctive example* 
i.5 allordcd by tlm tiaiisport 
of inni ore from the Mesahi 
1‘augc mines m Minnesota lo 
(ho blast furnaces ol IViuisyl- 
vania. As already jiomtcd 
out, the or<i is often excavated 
by steam shovels which drop 
their contents into radway 
trucks The trains arc 
hroiiuht from the mines to 

* lle.id, “ hake trJufX'rjor Iron 
Ore ALitJCS,’’ /’/•er. TilhL i'.E., vol. 
•’xxxvii., {'. 7- 
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Ui(^ Port of u'i, wIm'K' ji luii«r |>it’r runs out iiil(» I.ako 
Superior; here the trucks are emptiotl into hui^c bins (li.u'. 184'^) 
with hinged shoots. 

An oic steamer is brought alongside the p^er and .i shoot is 
lowered into every alternate hatchwuy and tiuj ore run <lown ; liio 
rate of loading vari«‘s from 1000 to ICOO tons pen* vc^ssci p*T hour. 
The steamer t-hen makes its way jhu-oss tlie lake lo the gi'oat h*ck 
at ytiult St Marie, whicli lowers it to the level of Lake llnron, 
and it now proceeds to Cdovekaid or some other port in Lak<' 
Erie, wliere the ilrown (conveyors are hugely used for the purpose 
of discharging cargoes. This conveyor is a long light ln’ulge 
(lig. 185),one end of wliiidi is brouglil dir<‘.etly over one of the 
hatchways of the ship. A hig backet bolding In ewis. is 

lowered into the hold, tilled by sbovcllors, and tlieu drawn up nnd 
run along the bridge to bo. tijiped, either mb» lailw.iy wnggons 
or on to a stock pile. The low^nang and raisinir of tlio skip and Us 
run ahmg the bridge are controlled by oik' man in a cabin As 
ea'h hatchway has its own conveyor, the v\ork of disfharging is 
rapid : lOOit tons can ))e unloaded in eiglit iM>urs at the cost of |d. 
to hi. a ton. 

* Iti'Sid, oy. C,t. 
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I’lV ‘ lidisfini;’ (ir ‘ ’ is ineiint the (i])iinilif?a of raisins; 

the iiiiuenil iniin the imderffi'ouiid workiiiiis to llie surfiiee; 
but, as already exfshiiiieil, tliere is no striet line <if (leniaretdion 
bi;tween il, and hanlafio when the work is done hj an incline 
or ‘slojie ’ 

The a|i|jliances re<iuired are numerous, as will he evident, from 
the following list: 

(1) Motors, drums, pnlley-framo.s, and ])nlleyK ; (2) rope, attaeh- 
ment of the rope ; (2) reee|itacles for the miner.al or waste rock ; 
(4) keps, signals, and indicators; (5) safety apparatus. 

(1) Motors, Drums, and PuUey-Frames. 

As in other dejiart nients of ruining, the motor employed may 
be worked by aninial jiower, or by an engine driven by water, 
steam, compressed air, ga.s, petroleum, or electricity. 

'I’he .simjilest eontrivance for winding is a imlley sujiportcil 
by some suitable frame above the shaft; a bucket is attached 
to tlie end of the ro]io hmigiiig down the sliaf;, whilst the other 
end, passing over the pulley, is drawn by men or women; they 
simply walk aw’iiy from the shaft and haul up ihe bucket. 
Large colliery shafts in India are. sunk to a depth of d.lO ft. 
by this jirimitive method of hoisting, which is likewise employed in 
Hurmah in jintting down oil wells. , 

Human ])ower is usually apjlliod by a windlass. This consists 
of a wooden eyliiidor, about 8 in. in diameter, provided with 
two iron handle,? and supported by two upright posts which are 
suitably stayed. A sliding b,ar, which can he drawn out either 
above or below tbe cylinder, serves as a catch for one of the 
handles when required. 

Ill this country the ordinary windlass is used for shallow 
sinkings of 20, 30, or 40 yards in depth, such as are made in 
m 
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commoniiing work iit a mine, or in cITcotinf; comTniinicatioii 
between two levels; but in coiinlries where labour is cheaper, 
the windlass may form the sole means of hoisting from depths 
of 100 and even 200 yards. 

When a horse is employed in the place of'men, the Imckot, 
attached to a rope passing over a |>nlloy, is sometimes drawn 
lip by making the animal walk away from the shaft. The frame¬ 
work and jmiley constitute wh.at is called a ni/ii/iKiiliTrii. 

.Animat power is usually applied by means of a macliiiie called 
a horse-whim. H coiisiat.s of an upright axle, iisii.ally of timber, 
.supported at the bottom by an iron pin or pivot, which works 
ill a hole in a large stone forming a primil.ive foot-block. A 
hori/ipiital licam, known as the driving beam, is attached to the 
a\le, and above it comes a hollow wiKiden cylinder or drum, 
around which tlie rope. i.s coiled, proper jirojeotiiig horns or llaiiges 
hciiig provided to iirevent its slipping olf. 

The other end of the axle works in an iron socket, carried by 
a great horizontal hcain, whioli is siip]>ort('d liy two legs. The 
wiiiiliiig rope is coiled several times around the drum, ami both 
ends, after jiassiiig over pulleys, hang down the shaft; when 
the horse walks rouml, one bucket is raised and the other lowered. 
.-Vs many as six or eight horses may he harnessed to a horse-whim 
for the puriMisc of working it. 

When the waterwheel is used for hoisting, it is necessary 
to have means of reversing the motion, in order to raise or 
lower the rope at pleasure. Two methods may be employed : 
a double wheel with buckets fixeil in opposite directions; or 
a single wheel provided witli suitahlo gearing or belts. Tlic 
double wbeol may be seen underground in (jcrniiiiiy; it bus 
sluices (liafches) which will turn the w.ator on to cither side, 
and there is a brake for coiitrolliiig the motion. The winding 
drum is placed on the shaft of the waterwheel, .and according .as 
the water is turned on to the right-hand or to the left-liaiid side, 
the wheel revolves one way or the other. 

When gearing is employed, a bevel wheel upon the .shaft of 
tlic waterwheel drives a pair of bevel wheels, facing each other, 
which run loose upon ‘the shat' of the driiiii. By moans of a 
suitable clutch either of them can he brought into firm coiiueclioii 
with the dniiii shaft, .and so imule to drive it in the reipiired 
direction. 

Steam eugiiies employed for winding have usually two cylimlcrs, 
cither vertical or horizontal; the hatter are preferred. It was 
usual at one time to put a pinion ujion the crank shaft and a 
spur-wheel upon the drum shaft; nowadays for ijuick winding 
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Uio drunj is pliicoil upon the same shaft as y.o cranks. Double 
cylinder cuLrinos arv jiroferublc to lhr>so \vifd\ a sinj^le one, as for 
rapid work it is ii«‘e<'ssary to liavo more control of tlio engine Uian 
can he furnished hy one of the latter type. 

'J'he engine iniiM l)e prinidt'd with an adoqaato brake, and 
where tlie drum is \\orked by gearing, it is necessary to have 
a brake iijjon the drum .shaft, beeaiise olhorwiso there wouhl he 
no ineaifs of arresting the dcsciuit of th<‘ lead in case of frac^ture 
of '<oiiie of the cogs. Altliougli many winding engines work 
wilhmit expansion, automatic, exp.nision gear is common, and 
some of the engines are arranged so that the commencement 
and end (*f Urn run sliall he ^\ork<‘d with the full power of the 
steam, and the middle of the run ox]winsi\ely. Compound 
engines, and indeed triple-expansion engines, liavc heen erected 
for winding jmrposes. tlmugh tlie advisalulity of employing 
tliem is tpmsLioned hy some mining ('iigineers; wlnlc fully 
admitting ihc value of tlic principle in the case of engines 
which arc working constantly, such as tho.se used for pumping, 
they conti’iid that il is not advisable t(f i-oinjilicate machinery 
which is performing very irregular work, and )>emg constantly 
stopped and Ktarted. 

l''ig 18G repr<’bents a large horizonkd twin tandem compound 
winding engine made hy tlie “ Gutehotlhuiigshutte Aclien Verein 
fur bcrghaii iind llutb niietrich’^ of ()horhansen, Germany. 

Tlu' engine has two high-pressure c.yliudiws of 2 ft. 9^ in. 
(SoO mm.) in diameter and two low-pressure cylinders of il ft. 
113 in. (1200 mm.) in diameter; the stroke is G ft. in. 
(2000 mm.), witli a steam pressure of 8 atmosplieros in the 
lugii-prcssurc cyluulcr at starting. The engine is c.apablc of 
raising a load of 4/. tons (4400 kik) at a speed of 40 to 50 ft. 
a second (12 to ID m. iter second) from a doth of 820 yards 
(750 m.). ' 

The two winding drums are cylindrical in shape, each 27 ft. 
10^ in. (8500 mm.) in diameter and 5 fT 8^ in. (1750 mm.) wide, 
and capable of receiving 930 yards (850 in.) of rope 2 in. in 
diameter (50 mm.). 

tAiiiipresscd air is largely emjdoyod when the hoisting engine 
lias to ho placed underground, and it is especially suitable for 
sinking intermediatt‘ shafts {winzes). Occasionally, as for instance 
at the l>(tng Tunnel, Walhalla, in Victoria, all the hoisting of 
.a mine is done by a coni])rcssed air engine. 

Hoisting hy electricity is as yet in its infancy, hut already 
motors of considerable size are employed for winding purposes 
in mines, and the new engine for one of the shafts of the 
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Oel.seiikirchen Mining (company in Wes^jihjilia vrill have a 
maiinnim cajiacity of 2800 h.-p. 

A winriirig drun) is nsnally a mere revolving cylinder around 
wind) tin* rope coils itself. An objection urged against the 
plain eylind^(^al•dnun is that it in no way compensates for the 
change of work rofjuu’cd of tlie engine during tlie ditrerent phases 
«'f winding. 'I'n make tliis plain, suppose one end of the rope to 
l>o at Che bottom of the shaff with the full load attached^to it, 
wliilsl tlie other end is at the top with nothing but tlie empty 
cage. On starting, the engine has to raise not only the weight 
of tlio load of mineral, hnt also the entire weight of the rope 
hanging down the shaft, and in deep mines Mith large cages, 
this weight is by no means inconsiderable. In ])roportion as 
the full Cairo is raised, liic amount of ‘lead weight of rope to ho 
lifted becomes less and less. Eventually the full and empty 
cages iinait; the two }»ortions of tlic rope then balance each 
otiior, and the engiiu! lias simply to oviTCoiiie the action of 
gravity ujmui the mineral; later on. the rojio of the cMnpty 
cage is longer than tliat of the full one, and assists the engine 
in doing its work. At last, when the load is nearing the 
top, the drum is feeling the full weight of the rope of the empty 
cage. 

Constancy of load is easily obtainable with the cylindrical drum 
by tlie simple cx]>edient of adding a lialance rojic, that is to say, 
a rope hanging down tlie shaft with one end attached to the 
bottom of each cage, rrovided that this ro[ie agrees in wa-ight 
with the winding rope, tlie conuterpoising is jierh'ct, for on each 
side, m every phase of the aseent or descent, there is always 
the saiiK* dead weight a(jting iijion the drum. 

With the same object in view the drum is sometimes made 
conical. Tiie drum is so arraiigo<.l that the 'bameter of the coil 
of rope increases as the act of winding u[) ]iro(*eeds. The load 
at the hot tom of the }ut acts upon Iht'drum shaft with a small 
amount of leverage : its leverage increases as the weight duo to the 
rope diiniuishes. 1’he reverse condition of allairs exists with the 
desci'udiug load, it has a large leverage wliile there is only a 
short length of rope hanging*do\Mi tin? sliaft, but as the weight 
thrown upon the drum increases, so the leverage diminishes. 
Intermediate between the conical and the cylindrical drum is 
one which combines the two systems; the oonical end is used 
for beginning the wind and the cylindrical part for completiiig 

it (tig. 187).* 

“ Dio neuo Fnrdenimschiiie dcr Tanutrack Mining Coiupany,” Glwkauf, 
vol. xvxvi., It'OO, p. 325. 
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Whi'n !i fliit ■' ;)• is used instead of a. round one, it is 
convenient, for the siiho of distinction, to speak of the winding 
cylinder as a ‘reel ’ or ‘ bobbin.’ The Hat rope, coils upon itself, 



and af the winding proceeds the diameter of the coil iiicre.ise.s, 
if the cage is lieiug raised, or decreases if the cage is being let 
down In this way there is a certain conrpensating action 
similar to that whicli is obtained with a conical drum; in other 

12 
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words, at tlic mmiient of sLirtiiig when the ’oad is at the bottom, 
the smallest .amount of leverage is exerted upon the driving 
shaft of the reel; whereas at the end of the wind, when the 
load is smallest it is exerting the greatest levenage. 

The fr.aioewiirk at the top of the shaft for supporting the 
pulley or pulleys is known by different names. It is called the 
headgear, pithead frame, or poppet heads (Cornwall). It may 
be constructed of timber, iron or steel (figs. 188, 189, 190,* and 
191), t and metal jmlley-frames are now usually seen at large 
mines where winding is conducted upon an extensive scale; 
at small mines and during sinking operations a timber headgear 
is common. 

Winding pulleys have to be placed on the pithead frame 
in order to change the .direction of the rope. I’nlleys are 
made from 10 to 1.’) and oven 20 ft. in diameter, in order to 
subject the rope as little as possible to sharp bendings, which 
would reduce its life. 


(2) Eopes and Hope-Attachments. 

Hopes are made of vegetable fibre of-some kind, or of iron 
or steel wire. Tho vegetable fibres used are hemj) and manilla, 
which are twisted into yarns ; the yarns arc laid together so as to 
form strands, and finally tlic strands are laid together to form 
the rope. 

Hor winding by hand, in sinking small intermediate shafts 
{winzes), a licmp rope I in. in diameter and made up in three 
strands, is commonly employed. For heavier w'ork, eitlior a 
round rope of larger section is necessary,' or a flat rope 
formed by sewing together several round ropes. 

Iron has been superseded by steel for making wire ropes' 
nowadays. 

Steel wire winding ropes are usually composed of six strands 
and a oentral core of hemp, each strand being made up of 
seven wire.s (fig. 192). In the United States and in South Africa, 
a ‘ seven-niueteeu ’ rope is oUen emploj'od, i.e. a rope with seven 
strands, each composed of nineteen wires. In ordinary ropes the 
‘lay’ of the str.and is like th.at of hemp ropes; that is to say, 

* “.Steel Head Finnic of the Parrot Mine, lluttc, Montana,” Enfj. Mint 
Jour., vol. Ixxiii., 1902, p. 802, 

t Nognra, “ Dcscriziono dell’ iinpianto idro-tcrmo-elettrioo della Miniera 
di Frongoclt, (javdiganshire,” Jiesoconii dclk riunioni delV Associazions 
Mineraria Earda, Anno VI., No, 3, 3901. 

















Fia. 191.—Pithead frame, Frongoch Mine, Cardiganshire, with electric winding engine of 125 h.-p. From a photograph 
^ ^ by Mr G. J.WUHams, H.M. Inspector of Mines. 
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the reverse of <tf the rojic (figs. lOfi aiini 194). li;n}g 

hits iruprored the iiietliod of nijiiuifacture by making tlie lay 
of the strand the same as the lay of the rope; the wires arc less 
sharply bent, and i>reseii( a haigcr \voarij)g surface. T1 r‘ result is 
that whilst the wires (d an ordinary rope wear quickly on the 
crown of the bend and Infak (Hg. 194), Lang’s n*p(', with its 
greater wearing surfaee, has ,t niiieli longer life (iigs. 1.15 and 196). 



Flo. 192.—Oro^s action Flos. 193aiul 194.—Wire rope with the 

t)l a .sLoel wire rope. ordinary ‘ lay ’ beforo and :ifti-i u&c. 

Tn designing the ‘loeked coil wire rope,’ the inventors departed 
entireiv from the old traditions of niannfaetnre. They considered, 
and very pro})ei-)y, that when dt'aling with a material like steel 
wire, which can be obtained of very great length, it is quite 
unnecessary to copy the methods Huitahle for the short fibres of 
hemp As will be seen by fig. 197, nearly the whole of the sec- 
r.ion of tlie rojio is made up of useful material. There are 



Fiob. 195 uiid 19(5. ■ Wim lopc with Flo. 197.-Locko.l coil 

Lang’s hy befoir and nftyr use. wiic Jope. 


scarcely any sjiaees Buch as exist in the strands of an ordinary 
rope, and consequently for any given section the locked coil 
rope is stronger than a strand rope. It is very Hexihle and has 
a smooth uniform surface, which makes it look at a distance like 
a solid har of iron. No one wire of the outer ring is more 
exposed to Avear than the other; consequently there is not the 
danger of iittving broken Aviros, arising from the top of the crown 
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being nibbed off by coutinuiil use. Auotlier advantage is the 
absonee of any tendency to twist, wliercas the ordinary rope turns, 
and soineliines a gooil deal. On the other band, the locked coil 
rope cannot be spjiced, but sockets can be used for connecting one 
length to another. 

In sjjite of sundry advantages the locked coil rope has not 
always proved so snccefisrul for winding purjioses as was at first 
expected. The experience of Westph.alian collieries is in favour of 



Fibs. 198,199, 200.-- Flattened str.vml wire icipe. 

the flattened strand Tope, in which the strands are oval, with the 
object of making the rope more nearly cylindrical than is possible 
with the ordinary method of manufacture. 

h’or attaching the wire rope to the cage, or other winding re¬ 
ceptacle, it is necessary to form a loop of some kind, which can be 
connected by means of a D-shaped link with a screw pin. Several 
kinds of attachment are shown in figs. 201, 202, and 203. 

(3) Eeceptacles. 

There are three kinds of receptacles used for raising the load 
in the shaft; («) buckets {kibbles, bowks, hopiKls), baskets or 
bags, swinging loose in the shaft and bailers; (A) buckets or 
boxes {skips) working between guides; (c) cages carrying one or 
more waggons. 

The buckets are miule of wood, sheet iron, or sheet steel. 
Various forms are used, viss., round, elliptical, or square, and the 
sides may be straight, or bulging in the middle. Kig. 204 repre¬ 
sents a common form of sheet-iron kibble^. 

On the arrival of the kibble'at the surface, the lander seizes an 
eye or ring at the bottom (fig. 204) by a pair of tongs suspended 
to a chain, and then gives the signal for the rope to be lowered 
slightly. The kibble turns over because it is suspended from the 
bottom, and its coutents are shot into a tram waggon placed ready 
to receive them. During the operation of discharging the kibble, 
the mouth of the shaft should be covered by a hinged door, so as to 
prevent stones from falling down and injuring the filler in the plat. 
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In tlie exceptii..,.4l o;iae of a li()nid, Kueli aa petroleum or brine, 
the mineral is lifted by a bailer (j). SI) or a pump. The bailers 
used at Baku are often 40 It. in length. 

The use of guides enables winding to be carried on more 
smoothly, s.afely and rapidly. The guides muf be chains, wire 
ropes, bars of wood or round irou, or, lastly, iron or steel rails. 



Figs. 201, 202, 203.—AtUuhiiiciits or ‘cappiuga’ Fio. 204.—AViuding 
of wire ropes.* bucket or kibble. 


Chains are rarely met with ; the commonest method of guiding 
in perpendicular shafts in tliis country is to Inang two or more 
stout wire ropes from the top to the bottom of the shaft, and to 
provide the winding receptacle with eyes which pass over them. 
They are kept taut by weights or screws. 


Copied, by pemission, frnia Mesere Ocorgo Cradoek k Co.’s figurea 
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Wire rujie f^iiules may lie escd oven in Uu; ease nf a Itibble; a 
cress-bar wilb tun eves is atrachod near the cud of the winding; 
ro)ic , tboimli tbe bdible remaius loose, it is so close io tbe cross¬ 
bar that it can suing but little. By titling wire ro|ie guides of 
this kind to j)er|iendienlar shal'ls originally worked with the 
ordinary loose kibble, winding can bo carried on with greater 
speed and safety, whilst the cost of making tlie alteration is coin- 
jiaratiifely small. There is the further advantage that the shaft 
when provided with guides becomes available for raising and 
lowering the men. 

We next come to the Ikul of rectangular or circular .'-eclion 
(skip), made of sheet iron or sheet steel. Jt usually has a slojiiiig 
bottom, aiifl is provided with a liinged door for disehargiiig its 
coiitentb, in some cases it is em]ilieil by heiiig turned over auto¬ 
matically oil reaching the toji of the .sliaft. The skip may ho 
used in perpeiidieular, inclined, or crooked shafts. Tim guides or 
conductors arc ino.st cumiuouiy reetangiil.ir bars of wood, bolted 
to the cud-])ieces of the sliaft and to the ‘ dividings ’ in the 
manlier sliowii by tigs, lid and 114. 

If tbe shaft is pcrpcndieidar tbe skip may be guided by two 
U-sbaped shoes of iron, wliieli clasp three sides of the e.ondnetor. 
If it is inclined the skip runs 11)1011 four xvheels, as shown by 
lig. dOb. In an iiicbucd shaft the eomluetois sometimes have 
rads ujion whicli the wheels of the skijr run ; in others the timber 
is not [iroteeted in any way. 

When winding is going on from any particular level, a stop, 
such as a strong bar of iron, is |mt across the shaft to arrest the 
skip; the miner, standing in the p/ni, shovels tlie mineral into it, 
and gives the signal to have it drawn up as soon as it is filled. 

A better |)lau is to adojit tbe an-angemeiit exjilaincd in fig. 205, 
which will be easily understood. H is a strong jilate working on 
a jiivot which is put down to stop the ski]): C is a [lixoted hood 
turned over the mouth of tlie skiji so .as to jireveiit stones from 
falling into the shaft, and when this is m place the workman 
raises the door of a large bin or hopjier, a,iid allows part of its 
contents to run out. • The hopper has been filled by tipping 
waggons from the line of rails<jn tbe level abox'e. 

On reaching the surface a hinged sloiiing door is turned over 
the shaft, and the ski|i is lowered a little until it rests tipoii it;' 
the workman (Iniider) then knocks up the bolt retaining tlio door 
of the skip, and the contents fall out into the tram waggon placed 
to receive them. The lander replaces the bolt, the skip is raised 
slightly, tbe door pulled hick, and the skip lowered once more 
into the shaft. 
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All llie.so o|)c.'‘'i.'S caiiso a iicedlphu waste of tiirio, aiirl tljc 
iModorii jjractif.e is to employ sclf discliargiiio akijis, lij iiiean.s of 
which a-ery larjre ijuantitics of mineral can be dealt with cjuickly 
and at very little cost, ll'hero the w inding; .4iaft is iiieliiied, the 
skip is drawn by a long how (tig. ‘200). The tav8 hind wheels are 



very much hro.ader hi the tread than the two in front, and soon 
after reaching the surface they are euuglit, by two special rails, 
whilst the front wheels travel on the ordintiry guides. This 
cause;, the skip to tilt up and discharge its contents withont the 
intervention of any workman. Selhtippiug skips are likewdse 
employed in vertical shafts. 

The system of winding by a cage is adonted aim at nniveranllv 
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at collieries ; it is likewise very peiieral in criining seams of ore, 
and is not nncomnion in tlie case of veins and masses. 

The cage, as its name implies, is a more or less open receptacle, 
wliicli receives tLc waggon used underground, and conveys it to 
tile surface. 

Figs, 207 and 208 represent tlic liglit and simple cage used at 
the mines on the (omstock lode; * it is a mere timber jilatform 
a ft. l)_f 4 ft., resting on iron bars and supported by iron rods on 
each side. It is provided with a sheet iron bonnet to jirotect the 
men inside from anything falling down the shaft, and also with 
safety catoho.s, which come into jday if the rojie breaks. 

The hand levers i Jc at the cuds of the cage, raise up blocks 
which keep the tram waggon in its place during the ascent or 
descent; p ;/ are the guides for the ends of the oross-biir b ; c, the 
bar working the teeth 11 by levers; /, shoe or ear einbraoing the 



Fig. g06.—Self-discharging skip for an inclined shaft. 


guide rod, or conductor, in the shaft; r, the lifting bar; s, a 
strong spring which comes into operation if the rope breaks. 

The length and breadth of the cage are limited by the size 
of the shaft; where it is desired to raise a larger quantity qf 
mineral than can be contained in one waggot., or two placed side 
by side, the carrying capacity of the' cage may be increa.sed by 
constructing it with two or more platforms, technically called 
decks. Cages are sometimes seen with as many as tw'elve docks. 

As a rule the full waggon is drawn out of the cage at tlie top 
of the shaft, and is trammed to some convenient place where it is 
tipped; of late years the ingo»uity of Alnorican inventors has led 
them to introduce methods of tipping the waggon automatically 
on reaching the surface without leaving the cage, in order to save 
time in winding. Russell aud Parson’s automatic dumping cage, 
said to be doing good work in the United States, has its platform 
movable upon an axle underneath, which allows it to be tilted on 

• J. 11. H.isiie, "Mining Industry,” Jlep. U.S. Oeol. Expl. of JfitTi TamUd, 
vol. iii., Washington, 1870, Plate vii., p. 119 
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one aide or the ''i.,-. The ctige h.<is the usual shoes at tiie 
bottom and top, which cover 5^ in. of the wooden guides or 
conductors ; ■ the tilting platform lias its own two separate shoe.s, 
which clasp only in. of the giiules. Whilst the cage is in the 
shaft, the pLatforni is lield in a horizont,'il position by its shoos 
running upon the guides. At the surface the wooden conductors 
are cut away for a depth of i)| in., so that, although the cage 
itself is guided, the small shoes are free to move sideways and 



Flos, 207 and 208.—-Cage, Comstock Lo<le, Nevada, U.S.A. Front elevation. 
Side elevation. 

permit the tilting, when the platform touches a properly arranged 
■Stop, The flap door of the waggoi is released automatically .at 
the same time, and the mineral is shot out into a large bin at the 
pit top. 

(4) Eeps, Signals and Indicators. 

On arriving at the surface the cage is usually lifted a little 
higher than the landing platform, and supports of some kind 
(kej>e) are brought underneath it, so as to hold it up while the 
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full waggon is drawn off and the empty vajrgon pushed on. The 
cage is then slightly nosed, the supjiorts (/fe/w) arc drawn back by 
a lever, ami the dese.eut begins. 

It is necessary to have some means of oomumnicatiou between 
the various ‘on setting’ places and the toji of the shaft, so that 
the man at the bottom (on-nplter, hooliPr-oti) may be able to inform 
the man at the top {lianlisimm or lamler) when he is ready for the 
cage, dkip, or kibble to be drawn up. 

• In shallow workings .shouting is snlhcient; when the pit be¬ 
comes deeper a 'speaking tube is sometimes put in, hut the 
commonest method of signalling is by a cord made of galvanised 
wire. The cord is carried round curves and corners by means of 
cranks similar to those used for house bells, only larger and 
stronger, and when it is pulled by a lever at the bottom, it moves 
a hammer which strikes a bell at the surface. 

Electric bcHs are common. Telephones of various descriptions 
are sometimes used, bnt for ordinary purposes of winding the 
simple signal given by a bell is quite sufficient. 

In addition to the signal for starting and stopping, there is an 
indicator which shows the engincinau tho exact position of the 
load ill the shaft. 

The arrival of tho load at the surface may be brought to the 
engincman’s notice in several w'ays: by a mark on the rope, by 
the pointer on the indicator, and by some audible signal worked 
automatically by the winding engine. 

(5) Safety Appliances. 

In ra|iid winding witli large drums, a slight inadvertence on the 
part of tho eugiiieman may cause the load to ho drawn up against 
the pulley, and this is what is commonly known as ‘over-winding.’ 

Various plans have been devised for preventing disastrous 
results if an accident of this kind oeeiirs; one of them consists in 
interposing between the rojie and the cage a special appliance, 
called a detaching hook, which will sever the connection between 
them, allow the former to ho wound up, and at the same time hold 
up the latter safely without damage to the IoikI or persons inside. 

Among others the detaching hook of King and Humble is well 
known (figs. 209 and 210), It consists of two outer checks or 
sides, containing two inner plates which can move about a central 
bolt (fig. 209). Eacli plate has a wing, a, projecting beyond the 
framework. When in use the two plates are prevented from 
coming apart by a small pin or rivet, <•. 

If the cage attached to e is wound beyond a certain height, the 
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detaching hoolc ib l/ti.Tii into a roxiiid liole in a strong irort |»]ate 
(fig. 210), and when the projecting wings <i a strike against 
this plate, they arc for(‘(‘d to move inwards, the rivet is cut, the 
shackle d at the end of the rope is set free, and J.hc two catches 
// are thrown out j these drop upon the plate and hold the cage 
firmly suspended, - 

The detaching hook docs not prevent overwinding, foi it d -os not 
come into jday until after the cage has hoeii wound np too high; 
at tlie best it can prevent the overwind from liaving disastrous 
c-nects; and further, it is no safeguard for the descending cage, 
wlncli may be dashed violently against tlio bottom of tlie shaft. 



Fins. iiU^i .Old 210.—King and Humble’s detac.hnig liook. Sliackle fixed. 
Shackle released. 


Many mining engineers, and especially our Continental brethren, 
are tdiereforo of o])iniou that some speed chocking apiiliancc is 
desirable, which will come into action if the cage is approaching 
the surface too rajiidly, and stop it altogether before it has been 
lifted as high as the pulley. Among them may be mcntione<l the 
chiver appliances of' lleumaux, Villii'rs, Wery, Ilertram and 
Gobbold, and Vaschke and Kastner. 

^lucb ingenuity has b^en displays i by various inventors during 
the last fifty years, with the object of j>roviding some sort of catch 
which will come into play if the rope breaks, grip the guides or 
conductors, and bo prevent the cage or skip from falling down the 
sliaft. 

Many of them are actuated by a spring, and one form has 
already been mentioned while describing tlic cage used on the 
Comstock lode (figs. 207 and 208). 
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While the load is hanging from the rope, flie spring ss is drawn 
into ))OBitioii shown by the dotted lines by the lifting bar, r, tlie 
eye of which is figured in its two positions. The bar c is drawn 
lip at tlie same,time, and the teeth it arc held apart and kept 
clear of the guides. If the rojic breaks, the spring forces down 
the bar h .and with it c; the teeth jam into the wooden conductor, 
■and the cage is arre.sted and held firmly. 

On the whole, these apjiliancea are not regarded with so much 
favour in this country as they are on the Continent ; the objec¬ 
tions maile to them in Kngland are that they sometimes fail to do 
their work at the right moment, and at other times come into 
action when not required. English engineers, as a body, are 
more inclined to endeavour to avert disasters by refasing to em¬ 
ploy any ropes but the very best, and by discarding them after a 
givi'ii working period, even if they apparently show few outward 
signs of deterioration. 

Tlie most novel lioistiiig apparalus is tliat of M. Blanchet, 
which was regularly at work at Epiiiae. in Eraiiee for some years. 
A large jiipe was fixed in the .shaft, and in it was placed a piston 
from which was auspoiided a cage carrying waggons. By exhanat- 
ing the air above the piston the load was gradually forced u|i by 
the atmospheric jiressurc below it. The shaft was C60 yards 
deeji, and the pipe was 5 ft. 3 in. in diameter, made up of a 
snceession of cylinders of sheet iron about J in. thick and 4 ft. 

1 in. high, joined by flanges and liolts. The 485 rings composing 
the long pipe weighed altogether 418 tons. The-cage had nine 
decks, and arrangements were made for unloading three at a 
time; each waggon held half a ton, so that the total useful load 
w.as 4i tons. The speed of hoisting was 20 ft. per second. If 
two hoisting pipes arc connected, the dead w'cights may be made 
to balance each other, and the power required is simply that which 
is necessary to overcome the weight of the useful load. The 
advantages claimed for this system are: (1) The possibility of 
hoisting from depths at wliich rope winding would no longer he 
practicahte ; (2) getting rid of costly ropes and dangers connected 
with rope-winding; (3) better utilisatiov of the engine power; (4) 
iniprovcinent of ilie ventilation and diminution of the amount of 
tire-damp. At jircseiit Blanchot’a app.aratiis is no longer employed, 
lint the disuse of the imenmatic method is iu no way due to any 
diliiculty in making it work satisfactorily. 



CHAPTER IX. 


DRAINAGE. 

I pnoi’fwE to (leal with the subject under the following headings ; 
(1) Preventing inllows of .surface or underground water; (2) 
Kr.ainago tunnels; (3) Siphons; (4) Winding machinery; (5) 
Pumps; (6) Co-operative dnainage. 

The great ini])ortance of drainage is not alway,s realised. A few 
jnstanocs will serve to show that draining a mine may often he a 
more troublesome and costly operation than winding up the mineral. 
At the Mansfeld eoiipor mines the steam machinery em))loycd in 
ISO."! generated altogether 1 1,672 h.p., of which TT.'JO h.p., or 
roughly speaking two-thirds, were re(juirod for pumping. In 1892 
the owners of the Milwr lead and zinc mine in Klintshire had to 
pump up about lOU tons of water for every t-ou of undressed ore 
drawn to the snrfa(!e ; a few years ago, in the area placed under 
the South Staffordshire Drainage Commissioners, 27 i tons of 
water were being pumped for every tou of coal, etc., extracted; 
and in .some mines in Pennsylvania the proportion is five tons of 
water to one ton of anthracite. 

(1) Preventing Inflows of Water. 

In mining, as elsewhere, “prevention is hotter than cure,” and 
care should be taken*to jirevont as f.ar as possible the entry of 
water from the Rurfaee. for it has been abundantly proved in 
many cases that the hiAk of wa: .r with which the miner is 
burdened is due to the jiereolatiou of raiu-water. 

It often happ(ms that the mineral was qu.arried near the surface 
before tinderground mining was resorted to, and in that case there 
is always the danger of the old open pits forming ‘sinks,’so to 
speak, which will collect water from the neighbourhood and let a 
con.sidcrable quantity find its way into the workings. To avoid 
this, the surface must be drained ; special care is imperative where 
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tlio ground is cracked by snbsidencos, end the nciglibouring 
streaiiis stiould lie exainiiicd and tlic water carried along in 
launders or other safe clmnnels, if their beds cannot bo made 
staneli liy tilling the fissures with concrete. 

In adititiou tet preventing the access of water from the surface, 
It is mlvi.sable to out off underground inflows as far as practicidilo. 
In t.’liapter V. a deserijition was given of impervious linings for 
shafts"'and where ■water can be shut out fiy ‘tiililiiiig’ or by 
‘cotferiiig,' tlie miue owner is saved the constant expense of pumjr- 
iiig ; indeed, he is sometimes tliiis eiiablod lo work dejiosits which 
he v\()uld not lie, able to reach if lie had to figlit against the 
enormous streams i.ssning from certain strata. Natural springs 
and influxes from adjacent abandoned working.? are sometimes 
shut out by dams—that is to say, artilieial stoppings—placed in 
levels or shafts. They may be niade of timber, brickwork, 
masonry or concrete, and, when intended for temiiorary purposes, 
of iron. 

The first consideration in erecting a dam is ttie clioiec of a 
suitable site, for it is useless to 
take the f.rouble to put in a 
stanch stopping, unles.s the 
ground is firm enough to sup- 
]iorl, it, and free euongh from 
cracks to provenf. the water he- 
liiud it from linding its way 
round to tlie front. 

If tlie ground is thoroughly 
strong, a dam may be put in hv 
cutting a recess in the sides of 
the level, as sliown by fig. 211, 
and sto]ipiug the water li.'U'k by 
a wall made of horizontal balks of (imher. Oak is usually 
cliosun for the purpose, llofore the timber i.s put in, the rock 
is very carefully dressed until the surface is perfectly smooth, 
and ready to receive a similar surface of wood. Each balk is 
wedged up against the side just in the same way as a wedging 
curb, and the joints between the separate balks are caulked. 

For heavier pre.s.snres the R|iherical dam is available ; it is con¬ 
structed of wooden logs placed longitudinally and wedged very 
tightly. A wooden dam of this kind has the advantage that it 
will yield a little if there are movements of tlie ground, wliereas 
a dam oimstructcd of bricks might become cracked and leak so 
badly as to become useless; the wooden dam is more easily re¬ 
paired. Concrete dams are very readily put in, and figures 
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212 and 2in n, ■ s, it. niio orecti'.l lalnly at a oolliiTv in 
Dol^iurn.’'' 


(2) Drainage Tiuuiels. 

Wticre the contour of (lie counlry p('niiil,a it, iiiines may lie 
uriiini'd naliiirally )iy tnnnelK wliiiiii Imvc jnst enoi.gli nlonii 
1.0 living out tin; water. A tininel of (Ills' Kind ir -icncridly 
known .as an ‘adit,’ or 'd.ay-lcvel.’ In Inllv countries mines 
are oflon worked entirely hy ailKs, and eve.ii for tlic deeper 



Fl'.iS. 212 iiiij 21}. V ta tui.ai Mscliou ainl liori/uii(«il sriitieii of a concrete 
il.im in a level. 


workintes the adit presents several a:<l\anlages: it lessens the 
tjiinniity of water percuhiling into (hem ; it. diminishe,s the height 
to w'hieh water has to he |inm|ied; its outflow may he ntili.sed for 
generating water power ; ami l.istly, i' aflords a natural disohiirge 
for water used for driving liydraiilio engines underground. On 
aeconnl. of these very important advantages, some long and costly 
adits have heen driven in c(■rtain mctaliiferons districts. 

Ihiis in the Hartz, the Krue.st Augustus adit or drainage 
(.iinnel (“Krnst August Sfolhi ’) ha,s been driven a dist.ince. of 

Hiilicts, ■’ Note siir IViiiiiloi ilii lictoii clans Ics Mini's,” Item,- Unmnn-Jk 
wl. 1.. Liegv, 19(10, p. 39, 
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nearly niile.s Into the (llausthal district- The total lenj^th of 
the ;ujii, ii>elinlin:> its hranohos, is no less than 14 miles. It 
int' r^ects immy of the lodes at a depth of 400 yards from the 
siirfac(‘ The total cost of this adit is estimated at £8.'i,500.* 

Another loiio adii is the eeiehrated “ Tltithschonher^^er Stolln,” 
which nnwalers some of the most jm|iortant mines at Freibert^ in 
Saxony. Tiie leii^^th of the main or trunk adit is more tliaii 
miles; the ^jradient of th(i ^O’eat-er jrirl- of it is only ITS inch in 
100 yai'ds. branches of this adit ainone; the mines arc more than 
IG miles in len^ith, so that the total leniith of the main tunnel 
with its ramifications amounts to al>out *J5 miles ^lost of the 
mines arc now drained hy it to a do])th of ‘J50 to ,‘100 yards The 
cost of the main tunnel was T'ir)9,.‘h‘U, or nearly T*J4 ]'er yard, 
Imt tills includes the cost of eicht shafts, lieavy expenses for 
])Uin})in;r from these shafts, the wallin;; of the adit for J mile, a,nd 
all uoner.d expenses. The length of time occupied in driving this 
adit was thirty-three yoar.s. 

Tlie •'Kaiser doaof F.rhstollnf’ in Hmmary, another remaik* 
ahlc mining tunnel, which was coimmaua'd m and complet<-‘<l 
in 1878, at a toral cost of 4,590,000 tiorins. It is 10| miles in 
length, extending from the river (iran to ilic town of Schemnil/, 
when' it mtcr.'ccts tlic lodes at depths varying IVum .‘100 to GOO 
yards according to the contour of the surface. 

In bohemia 1 may mention the “ Kaiser Josef fl.’’ adit wliicii 
drains the Ffihraiu mines. The lengtii from the mouth to the 
Stefan shaft is 4$ mile'^, and the side brauches bring up the total 
length to 135 miles. 

The great adit of tlie Mansfeld copper mines was hegmi in 
1809, and was seventy years 111 course of oonstruction. It 
roaches from Friedelmrg on the Siuile to Eislcl'cu The first part 
wa-s drivt'ii across the lnea^u^es and is, in fact, a cross-cut, and it 
was then continued along the strike of the cupriferous seam ; the 
Uital length is now 21 miles. All tlu* workings below its level 
extending for a distn.iice of more tlian 11 miles have their w'ater 
jmmpcil into it. Tlie aclit w.as driven wnh a rise of 1 in 7200. 

It is 9 ft. H) in. liigh and G ft. across in the middle, wliero it is 
the widest, ' 

The adit at Montepoiii.f in Saidinia, is ll| miles in length, . 
and rcducc^ the height to whudi ihc water lias to l>e pumped by 
about too ft. 

* Bioiormau, tla* lu-w IVfp Adit 111 the Upper Harlz Minc.s,’’ 

Troivi. Min. As$ 0 C: Cornv'aU awf Devon, 18tfi. }». U. 

t Ft ll;Ui, “ I Progn ssi Jielle Industrie Mmeiaiie e Miiienilnigiche Italiane,” 
/adit.sDju, vol. V., 1891, p. 637. 
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A niostuiiporta..' I’-t in Friuicc is ikpw luppiriu^' coiiipli'tioii ; 
it is being driven from the sea near M.arseilles to niiwaler llio 
iinporinni lignite ininca of Cardiiniie. Tlie adit wlmi finished 
will be 19 miles Ioiil', with a griulient of 1 in 9000. 

In the I'nited States many adits of great im|iort*nee liave been 
construe Led, amongst ■ndiieli should be niontioucd the Sntio 
tunnel, wliicti enters the working on the Comstock 'ode at a 
dejith of 1700 ft. below the surface. The length of the main 
tunnel is .'ij miles, and the total cost 5i9,01hi,r)()(). Several large 
adits arc now being driven in Coloriulo; the Newliouse tunnel is 
one of the host known. 

Natural drainage is often impossihle or insufficient, and in .such 
cases it is uecessary to resort to artificial means, viz., siphons, 
winding machinery or piuiip,s. 


(3) Siphons. 

These are used for draining mines in a few special eases 
in which the hairier over wliicli the water has to he raised is 
very decidedly less than 33 ft, 

(1) Raising Water by Winding Macliinery. 

If the i[iiuiitity of water is not o.veossivo, it is often coinenieut 
to use llin winding macliinery, and ilinw nji tiic water ni .special 
buckets (iniii'r hai-reU, haih'rs) or tanks. Tile bucket may be tilted 
over oil roacliiiig the surface, or it may be emptied by opening a 
val ve at the bottom. 

'Phis iiieaiis' of raising water ks commonly adojited in sinking a 
shaft, when it may be desirable to wait till the whole or a portion 
of the pit is completed, before jiiittiiig in the final ]iuniping 
inachinory. The water is usually lifted by band into the bucket 
or tank, an operation involving a good deal of labour. Some of 
the hailing may be avoided by collecting as iiinch as jiossible of 
the inflow in a cistern above tlie bottom of the shaft, and 
drawing off its contents hy a hose le'o the bucket. This dcyice 
is of no use for the water actually at the holtoin, but hailing inay 
hc dispensed wif.li even in this c.ase by the adoption of an 
mgenioiis arrangement invented by Trof. Galloway, and applied 
very successfully by him in sinking a shaft near Cardiff* 
(ligs. 214 and 21f)). 

* “Sinking Api>U.ini'vs lit Lliuibimlavli,” I'runs. South li'alci, hint. Eng.. 
vol. nvi., 1888, p. 117. 
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]](* iiw's a cvlindor with a valve a', the hottom as a water 
iiarrcl. When jt arrives at tlie hotioin, a [)ie(;e of iiose is attached 
hy wliich coinniunic.itioii can he ctlccted with a pipe coining; 
(loan the shaft and throu^di vhiclt the air is heiiig exhausted. 

'Ihe valve in tlie l)nttom of the cylinder 
upcn^jind the water rushes in. A ^dass 
wator-gau^'C shows uhen the harrel is 
full enough, and it is tlien innnedmtely 
drawn U)). On arriving at tlie t(^p of 
the ])it, it is lowered on to a trolley 
carrying a projecting couieal Idoek of 
wood, whieli knocks up the valve in liic 
bottom and allows the contenu L* run 
out 

When there are means of allowing the 
water-harrel to ])lunge either into a ool- 
Icelini: pit (sn/n;/) or into a cist(Tn, it 
ma\ he filled automafically, and it is 
easy to make it self-disehargiiiL^ Trof. 
tiailoway’s airangemcnts are sh<*wn hy 
ligs. :iiC) and 217, 'I’Ijc former repn*- 
sents his automatic water tank witli one 
side partly removed : a is (lie winding 
r(*])e, f> the tank, which is guidiitl in it.s 
descent hy the studs c (fig. 217) running 
upon the guide ropes h. At the suiface 
Eics. ‘.ill and ' 2 U'. the tank is further steadied by sidc- 

Gallowiiv’s waU-r-Lanvl. grooves, made of angle-irons d, winch 
a, <iooi lor ciitt-ring harnl clasp the studs. Wlien the tank is 
ii iiMjuncd : h, tl.n. vast- lowered into the cistern, the valve 
inm valve aita-dird to the the, wafer rush 

simidle h ; o a, luiftoni . ^ i , 

plate of the i,nri(>l ; g, sec- is then wound u[) to the 

lion of ih« valve slum-iiijr to]), wlicre the short' lever at o comes 
l^llver^:ll joint attacli- in contact wi(h a jiiece of timber; the 

; I water i.iin,, iiio- .^tiaolicd to Ule ViJvc is lifted, and 
vulcQ at tlin aiul /.• willi ,, , , , , ,, , . 

a .'oupling, t(i wl,i.',h tho "“‘''I' nislii's out. by the sloping 

suctiuii hose IS iittaohed ; UK lit li /' iiitd a wooden trough or launder 
- m, watei-gauge, 'J'he har p is movable about the 

IKiint 7 , blit it is kept liowii by the 
weight H attached by the cliaiii s; / is one of the pieces of 
tinilier to wliicli tlie lixed guides are fastened ; and lastly, w is tlie 
suspending lioiv wliieli passes tpiile round tlie tank and forms a 
jirojee.ting loop at the bottom. 'Ibis liow protects the liol.toiu of 
the tank wliile it is standing in the cistern. 'I'lio tank liolds 212 
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gallons, and can Ut. Ji.avii up t wentj'-four times an lioiir from a 



Kio. 21t).—(iiillovvay’s water tank. 


depth of 190 yards ; it is tliorefore cupahle of raising 5000 gallons 
in that Lime. 
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The an'iiiigoiiieiit just vloscril)cd wais employed by Prof, 
llallowiiy when sinking, but it is ecpuiily available as a permanent 
metliod of drainage wlien the (piantily of water is not considerable. 

'I’ln* water is allowed to accmimlale in 



I’lo. 217.—Galloway’s 
witoi tank. 


a sitnip at the bottom of the shaft 
during the daytime, for instatie.e; and 
at night, wlien no mineral is being 
wound, the ordinary ea.ge is taken oil' 
and the wtiter barrel sitbstititted for it. 
'I'l c wttt.ordiarrel is also useftil tis an 
aiLyiliarv, when the ordinary pumjiing 
niacliitiery of a mine is unable to cope 
with some unusual inllui of water, or 
lets to be stopped for repairs. 

(.I) Pumps. 

The principal irietliod of e.vtraetiiig 
water from underground working is by 
immping. 

The varieties of pumps used in udiios 
are numerouH. In small .sinkings, hatid- 
pump.s, cither ilireid-acting or rotary, 
may he applied ; jet pumps, worked by 
stetitn, water, or air, arc sometimes soon, 
and pidsoiiieters are eommon in certain 
special cases ; but wlieti we i!.\amiue tlie 
pcrmaiieiit machinery erected at large 
mines of considerable dcptli, we find 
that the prevailing types of pumps arc 
few. 

They may lie arranged in two classes 
ticcordmg as tlie prime mover is aiiovo 
or liidow ground. 

'I'lic prime niot'er on tiie surface may 
lie driven by wind, water, steam, gas, 
or petroleum. Wiiidmills have the dis- 
advautago, which is often fatal, that the 


])owor is not constant; the same may be 
said of water power derivetl from brooks and rivers, vvhicli some¬ 


times dry up ; but tlie two cases are diti'ereut. Streams dry up 
slowly and gradually, whilst air currents spring up or die away 
suddenly. By erecting an aiiitiliary engine, wliioh can be set to 
work if tlie wind fails, tlie evil is overcome; and tins remedy is 
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a.».iu|;ucLi -iic ;> mines in Anglesey, where a windmill has 
been in nse for many years for \\(n'king jmnips. The granite 
(jnarries in Guernsey arc nearly all drained by small wind¬ 
mills. 

Water jjovvtsr was for a long period Hu* j)nncipal»ag('nt en»p]oyed 
in draining nniios, and it still is of iIk* greatest use in many 
districts, reservoirs being constructed to (collect and store tlie 
rainfall. 

Water j^ower is applied to piunjiH'g tnnehinery by water-wheels, 
tin bines, and r()tiiry or non-rotary water-pressure engines. Kx- 
cepting ill tlie case of the latter, the rotary motion has to be 
converted into a rociproeatiiig motion by a cranl;; an«l further¬ 
more, with turbines tlio speed must Ih“ reduced very considiTably 
by inlennediate gearing. 

Overshot wheels are the commonest prime movers for working 
juimps by water power; they are frotpiently from 40 to oO ft. in 
diameter, and at the (.Tre.it Laxev mine, in the Isle of Man, one 
of the wheels is no Jess tliaii 72 ft. (i in. in diamrMer and b ft. in 
the breast. The jiower is conveyi'd from th(' water-wh(*el by a 
connecting rod to a finmlraut or ‘ bob,^ like a bell-crank, placed 
altove the shaft ; and when, owing to the contour of tln‘ ground, 
the wheel has to be oretd.ed at a distance, it is often connected to 
tlie bob by the so-cuiled ‘Hat rods,' which nre heams of woo»l, bars 
of iron, or jiieees of wire rope. They are supported by pulleys or 
upright oscillating beams, and travel backwards or tbrwaids with 
the motion of tin* crank. 

Wutor-]*ress.iire eugines sliare with turbines the advantage of 
being able to utilise any amount of fall, an<l diroct-acUng water- 
pressure engines can be applied immediately to the mam rod of 
the pumjis. 

Steam is, however, the power used par ejrvU.cucc for working 
pumping machinerv, and the groat inventions of Kewcomi'n and 
Walt owed their birth to the necessities of mines, which could no 
longer be drained by the water power available on the spot. 

The typo of engiue knowni as the (kirnish engine is a single- 
acting coudensiug-lieain engine, w'orking expansively, having tfie 
number of strol'.es regulated by an .Taugement called a c,ataracl.. 
Tbe cx’linder of tlie Cornisb engine is someliuies inverted and 
standb over the shaft, the main rod of the pumps being iittachcd 
directly to the piston rod. 

Whore coal is very exjiensivc owing to the cost of carriage, 
a pelroleuiii engim* may lie a couveuieut source of ]>ower for 
pumping on a small scale. 

The power generated at the surface is transmitted to the pump 
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l>v rods, coitiiirussod air, Wi^tei', or rioit \ Tlio rods are jirrfor- 
alily inudc ol‘ wood, Imt wroiiLijIit iron or fcteel has been used. 

Wooden rcids in tliis ^'.onntry usually cousi;:.!, of jut'di [line 
beams of square seeliou, united by plates of iron or mild steel 

plotK^ rt, /', c. 



fi<;. lllS), which are lield 
togetjjer by bolts, tliC 
bull end of one beam 
iK'ino bronpflit against the 
butt end of tlie next. 

'riie iron or steel )t>ds 
are. eiduu solid baiv of 
round non <u' steel, or 
beams built «[• from 
an^de iron or an^le steel, 
so as to olitaiu Ibe d<-- 
siied stiliiu'ss \\itijont 

UlldlH' WUli'ht 

The lont^ beam, in.ide 
up of a snenessioii of 
[lioees, ('onstirutes what 
IS called a main rod or 
s[K;ar rod. it lian^'sdow n 
the shaft, either from tie* 
laid <>f till! beam iff the 
enefiue, or from a ipiad- 
rant when the eylinder 
of tbe [Mjmpinj^ 
hoiizoTital. Where the 
shaft is inclined, tlio 
main rod has to he KU]e 
jiorted at suitable inter¬ 
vals by evbndi'rs of cast 
iron or steel, known as 
‘ shaft rolls.' 

d'lie main rod just de¬ 
scribed transmits the 


motion of the enj^ine to 


a pump or several punqis in the shaft These pum[is arc of two 
doM iipiions ■ either liftiin; pump'^ or forcc-junnps. The liftin<^ 
puui]) or drawing lift (he. 1211)) eoiihists of the wind-bore or 
suction pipe, tlie clack-iaoce or valve bo,\, tlio cluck-scat piece, 
tbe woikin.i; barrel, tiie bucket with its rod, and the column. 

The wind-bore, or snore-['ieee, as it is sometimes called, is a 
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cjlIndtT of c.i-'i uoii, UTininaliiif' in an o^g- 
sliapcfl or !\ ilat bottom, witlj a number of holes 
through whieh the u'at(‘r is sucked uji into the 
pinu]). 

'I iio cl.i<'.k-])ieco is a sinnl cyliiidtu- of east 
iron with a l)at side door fastened hy holts, for 
the purpose of getting at tie* val\e. It re- 
cei\(‘s the seal on which a eiaelc or va]\(! works. 

Tlieelaokse.it p'ece is not alu.aVs. used ; but 
it is often put in as a matter of precaution, in 
case the regular v.‘t.he should accidentally fail 
while the ])innps are under w'ater. 

The working h.iriv! i.s a cast iron cylinder, 
carefully bored s(» that the bucket may work 
Bmuothiy and exactly; occasionally it is bushed 
wnth brass. 

The buekot is iimrely a moving valve, con¬ 
sisting usually of a hollow cvlhider of cast iron, 
surrounded by a liand of leather or guttapercha, 
and carrying a leather clai’k. The rod to uhicli 
it is aitaehiMl may he of w<x><l f>r iron, and it 
may work eillier inatdc llio column e>r outside. 
Fig. 2111 ,^llows the coinmouer method in this 
country, though the system siiown in tig. 220 
is omploy<t l)oth licrc and on the other side of 
the .\tkiu(ie, S is the wiiubhore or suction 
pipe ; V tlie fixed elaek or valve ; P the bucket 
with its valve /■, uuoiug in the working barrel. 
The rod to which it i.s iixed passes through the 
stutling box //, and is connected to Uie wooden 
rod Ik The eolumu of made of riveted 

sliei^t iron, Ihrougli which the water is lifted, 
is shown )»y C. Three .sheet-iron cylinder.s riveted 
together form one s(;eli(m. hiach section is pro 
viiled at both ends wMi a cast-irmi flange, and 
two adjacent sc'ctions arc^fastened * gether hy 
b(»lts. The cast non pieces H carry liie .stuHing 
box, and join the column to tlie working barrel. 
Ivcip-wt‘l<le<l sheet-iron pipes may take the })!ac(‘ 
of liu! riveted }>ipes of the tigiire. 

The column of pumjis lu this country is 

* Ilavue, “ Mining Industry,” fhiilrd Slates Geological 
Kcploralioii of the Vorticth Washington, 1870, 

!>. 121 . 



;20.—Lifting pump eini'loYcd at en iiie Comstock lone. 
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gonerjilly of c^l^l iron pipos with fia'.iges. l^ij»os of sheet 

iron ami steel have the advantage of lightness, an imporlani 
mailer when transport is expensive. 

'riie fewee jnnnp used in mines, known as the plunger pinn]i 
(hg. 221), eonsists of a solid piston 
w(*rking through .a stufling hox 
in a long cylinder standing upon a 
specitil casting known us ’the ll-piece. 
This is so called because it is made uj) 
of two parallel cylinders, like the twt* 
upright limbs of the letter H, whieh are 
connected by a liorizontal pipe like the 
eross'har. '(’he ll-jaeee has a valve im¬ 
mediately above the wind Imre or suction- 
pijie. In tlie iiuuve the wind-hore is 
(lat eiidi'd heeiiuse it is resting in a cistern. 
Above the II }>ieee (’onu's the dom-picec 
with .another valve, and then a fteries of 
pip(‘s, the ‘ eoluiun,^ generally of (ust 
iron, hut sometimes, as already stated, 
of wrought iron or sti’ol. 

The jilnnger pump can claim sujie- 
riority over I lie lifting )iumj) for several 
reas(ms; il is less likely to got out of 
order, and, if it docs begin to fail, its 
shortcomings are more fpiudviy perceived 
and more e<tsily lemedicd. 

Ill cases where the mine is being eon- 
limially deepened, a pnmess going on 
continually in vein-mining, a lifting pinu]) 
is fixed at the hotioiu hi'causc it can ho 
ea'iily he lengtliened ; it lifts tlic water 
into a cistern in which stands tho wiml- 
bore of the plunger pump (Hg. 221), and 
tile remainder of 'the pumping is done 
„ „ in stages by a succession of fore.c pumps, 

pluiigei- pu.up in bhalt, tlie . vmd-boiv of each foreo pamp stanrl- 
vurtii ii! section. ing in a cistern fed by the next one 

below it. 

The Kit f inger pump is an iinjmrtant type which lias been intro- 
diieed on the OMnlimait in order to remedy one of the defects 
of the ordinary pumping plant, viz., its intermittent action, 
’rile (lornish engine makes a sudden start, the * outdoor ’ cud of 
the beam goes up, and with il*thc main rod and the phmgei*s; 
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ibt'u a and all thi.'i lauo no useful wttrk of raihino 

water IS being ilonc. Lastly, tin* beam and the main rod slowly 
descend and the ]»]ung,.*v.^ foreo np water. Tim actual work of 
putnjiing }>roper is ar<-oinnlished tn n short j>art of the time 
ocenjlied by a double stroke. It is evident tliat a smulliT engine 
doing work continuously would be just as cOicient as tliO large 
ojio acting at itdervals. The Uitl'iig(‘r pinup is a diT'O-eiulai 
j)uuip, with two hollow plungers, one tived and the oMuo- moving. 
Itsartion cannot be uiKlerstood without ;i. ligurc : sut)ie(' it to say 
iliat water is discljarged eoniinuousl} both on the doum and on 
the np.''troke. 

The weight of the main rod wilh its strnppmtr plales or other 
cotuiections is greatei than is J-e<]uireil fur tlie pm pose of forcing 



np the column of water in the pumj^s, and overcoming the friction 
of the varjous parts of the machinery, it Ikh'-oiiu-s nec'ssars, 
theiefore, both in order to avoid, nselesss waste of power in lifting 
tlic main rod, and to jmnont its di'scrudiug with too gi(‘at a 
Kjmed, to oonnterhalance so much of the wmght as is not actually 
cujjjloyed in iloing nsidul work. Tlie <*orinnone.st form of count,er- 
lialaneo is a ‘ boh,’ sdcli as is showm in hg. 222. it is abeam, d <(. 
working n]K)n piv^ots {(}n<hj(‘,i)tu) h, which lie in hras^es ; the end 
c, called ‘the nose of tlie bob,’is d.laehed to the main rod l)y a 
long connecting rod, W'hilst g is a box which is tilled, or jiartly 
filled, w'itli old iron or stones. Tlie beam is stiffened ity Uk; up¬ 
right ‘ king post ’ a and the strajis h <• : / f ff are stajile.s and 
gland.-? fastening the casting ni to tlie beam, aiul i is the ‘ bishop’s 
head ’ at tile top of the‘king post.’ (kist iron beams, ju’ccisely 
like the beams of certain steam ciigiue.s, fultd tlio same, otriec in 
some mines, and tlic oounterbalaiico is a luige piece of cast ir<iu. 
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liitTe is usually a ‘balimce bob’ at iht Mlffaoo, ami others are 
fixed at intervals in ]ar{.a* reeessofi {hohplals) cutout iu tlio sides 
of tiie shaft. 

I rovision must lie made for a possilile lirtiaka^^e of tlio main 
rod, uliich mi;;lit liave a \erv disastrous result. If sm-Ji an 
iiecideiit bajijKMied witiiout any of the ordimuy safej^uanls, the 
beam wiuild come down uilb great force and ])lay havoc in llie 
engim* house, whilst the main lud dropping in ttie shaft would he 
sun- to do damage to the pumps. The ‘indoor’ end of tlic 
engine-tieain istlnaadon' fitted with two p?-ojo(‘ting arms of iron, 
wliitdi come down so as almost to touch two strong tiniher lieams 



at every stroke ; if a lireakagc happens, these arrest the motifui t*f 
the enginc-bcani before it has had time to do any harm 

C’atehes are at.>o fixed in the sliaft; they are strong beams of 
timber stretcliing across the shaft and resting m good ‘hil,ehes/ 
with the main rod working between them. ‘ Wings ’ attached to 
the mam rod are so adjusted that they ail fait toncli tlie laMiius 
at tl»e end of each down-stroke of the rw]. A catch of thw-liiud 
limits tile pcjssihle fall of the n^ain rod to tlic. lengtti of the stroke. 

The c.umbersome nature of rods, with all tlieir heavy strapping 
plati's, catches and counter-balances, lias long made the miner 
seek for some simpler method of transmitting power. Tlie 
problem has been very successfully solved by Moore’s hydi’aulic 
system of trausmisnion, adojited in Scotland and the United States. 
A hori/.untal engine erected at tlie surface (fig. 2211) w'orks two 
rams d i/', and these force water down two jiipes E E' t-o the 
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unflor^roijtid »'''-!>> f> !), g tj arc val\('s Ujrougli wliicli 

water to tlio j)rcssur(* ]»ipes from cihtonis. The 

})lLii)gcrK ol']> l> and T>’ 1)' are attacljod to a cross-head <■ wliicii 
carries the two piimpiug plungers A and B. Tlie ran) d forces 
water into the two jmwer rains ]), and tlie. rain <-/'into tlie two 
op})osite ranis 1)'. If water is being driren down by the eross- 
hend will 1)0 moved towards B; the mine water will ha f(*reef] 
up liy its ])lnnocr and sucked up by A. At the same ' .le the 
j)ower water in I^'D'wiU he driven hack a little w'ay, ready to 
move in the op])Osite direction as so<»n as d' inaki's its stroke. 
The uiulergrouml pnni]> thus follows precksely the movement of 
the engine at the surface. 'I’he pressure in the transmitting pipes 
is not less than lO'Ht Ihs. per s<{. in., and tliis enables small pijM's 
to ])e used. Kaselowsky's system is smiilar. 

\Vl)(!re. com]iressed air is furnished to the W’orklngs generally, 
for tlie pui'jiose of driving rock drills, coal-cutters, winches, cb’., 
snpp)i(!S may be taken from the mains in order to of)erate small 
direct acting pninjis. As pointed out in t ’hapter IV., tlierc is 
great oonvciuence in using air in sitnation.^ far nmioved from the 
]»it bottom, wljere steam is ]»ractically out. of iUa 'pJC'tion, and 
air has the further advantage of causing no sjiarks, a ilatigcr 
wliich mav he aj)}irehended wdlli eloi'tneity. 

T1)0 sim])lioity and clliiacncy of electrical transmission arc 
dady becoming more and more apparent to the miner, and it is 
not surprising to find an iiiereasing numher of applications in the 
case of juimpiiiLr uia« binory. Main largi- plants have hetai enacted, 
(hie of tiir largest is all engine of UMtO li.-{i. lifling G cuhic 
ini'trch (ld20 gallons) of water pi'V minuti- to a lieiglit of 450 ni. 
(147G ft.). Plunger ])nmps worked by electricity mostly take 
t h(‘ form of three rams driven from a common crank-sliaft, fixed 
upon the .same bedplate as the motor. Jn tlio early installations 
the high sjieed of the motor w'as reduced hy gearing, so as to give 
tl)c crank-sliaft a number of revolutions jier minute suitable for 
jiunijiing, hut now the (piick-riinning juinijw of lliedier. Kluhardt 
and Sehmer and o^licrs can he worked direct from the motor 
shaft running at a speed of over 500 revolutions per minute. 

Kig. 221 sjiows Kiirliftrdt and Rohmer’s quick running pump. 
Tlie twin douhle-plungiT pump of this firm, w'iih a stroke of 
15J in, (400 mm.), and a ]>lujiger diameter of nj in. (152 mm.), 
running at 14-G revolutions a minute, will raise GOO gallons of 
water (3 cubic metres) to a height of JTOtl ft. (520 m.) in that 
time. 

We now’ conic to the cases in wliich tlio prjrnc mover is placed 
underground. The advauUvgc of this plan is evident, for it enables 
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us t(i disiiisnsc witli most of the transmitting appliances, l«?sifles 
being o(>nerally more economicfil in first cost and more speedy 
in oreid-ion. The groat oh,icclion is the danger of tlie machinery 
being ‘drowned’ by an influx of water, and so rendered 
useless ■. a mislnif, of this kind would involve the erection of a new 
imniping plant fur draining the mine. 

Underground prime movers tire steam engines, water imwer 
enginer, and petroleum engines. 

dhe steam may be generated above or below ground; if the 



Flo 221.—Elnlj.-mlt and Si'lnner’s elia tric ‘ flchluifmulile ’ Exiircs-. i)UiMp. 


boilois are ]>l,'ieed above ground, as is almost invariably (be case, 
great care Ims to be taken in jacketing tbe steam pipeviliieh conics 
down tile shaft, in order to prevent loss of beat by radititiou and 
Ibe conscijueut nnprolitable exjicnditure of find. 

The steam engine is generally horizontal, and >'t may or may not 
have a fly wheel. 'I'lie plunger is placed in a line with the piston 
rod, and forces tlii‘ water up one long column of pipes. The height 
to which such a column c.aii be taken is govenied by the strength 
of the Jiipes, and the ditliculr.y of making joints su’fiiciently tight 
to resist pressures measured by hundreds of pounds to the sipiare 
imdi. At I,a Loiivifee mine in llclginm the column is 630 yards 
(.176 m.) high, which means a pre.ssure at the bottom of'S.I-e 
atmospheres, or 817 pounds to the square inch. 
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Kif's. 225 ;in0 .'e a ifpiioral idpa of ono of tlie tmclerfirumul 

pumpin'!; (iipuiii'S /i( fl is a horizontal compoiiud 

engine working four jiliiugers or rams. A is Uic high-pressure 



cylinder, B the low pressure cylinder, C is the fly-wheel, D and E 
are cross-heads connected by rods E and (1, and similarly, 11 and 
1 are eross-hoads connected by the rods J and Iv ; L M N O arc 


Fig. 22d.--D ircet-aftiiifi pump, iiansfL-Id copji-r uinie'?. Fian. 
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the four rams, cu'-h in. in fliainotcr, ^laving llie same stroke 
as the pistims of tiu' ('itpoiie. I’ P and Q Q' are delivery pipes 
lo-uiin !4 to a main deliverx pipe it. which ^oes to lije risinc: main 
in th( siiaft. When the en<i^in(' is witrhni.i,^ at the rale of dO 
revolutions per minute, it is ealeulaied tliat it raisf's 1540 gallons 
<)f water ]>er minnte to a total heiglit of Old ft. 

In ailditioii to t!»e pumps just de.s<'rihed, certain special f(»rms 
an* oL" asionallV ei)i])]oyi’d in mines, such as t]je pulsometor. t)io 
ee.ntrifugal ]aiiii|), amJ tiic Ihlile pump. The first is .a steam 
pump in which the steam act', diivetly upon the siirf.tce of the 
water without tli(' iideiveutioii of a piston. It is mneli emidoyi^d 
at mines and (piarries for fieights not u\oeediiig 70 or ft. 
It w’dl ])ump muddy or gritty water; it occupies- little s]);ice, is 
very )>o]T.a.hle, and is easily lixed ; in hiet. it may even he hung 
in a shaft from a chain , it reijimes no special attendant, and will 
go OH working l'\ ils'-lf as ]i>ng as it is sujiplied with sle;im. 

Centrifugal ]ium])S are especially anpheahle when larg{‘ <piantitie,s 
of water liave to he raised to a small lieiirlit, not e\i-ce(!iHg al'oiit 
SO ft. (25 iju). They are simple, have few weaimg ]»arls. and 
laki‘ U]t lillle room. As they have to l>e drnen at a ioLdi speed, 
the axle of tlie j)iimp ma\ i>e eouph-d jlirrctly to tlie shaft of an 
(‘leetrie motor. For lieields exe«'<‘ding 25 m., so-called hieh liJ’t 
(‘ontril'ugal puiuj»s are emjhued with twi/or more comparlmeiils, 
the si'cond taking tlie wat(“r diret-tly fi'om the tins!, tjjr* tlurd from 
the seeond, etc. Simple ei iilrifiigais may lie used as pilot jmmps 
in sinking sliafts, and Uiey can eoimmienlly he hung fvm ehaijis. 

'flic Fohle pump is tin' simplest in e\ist«‘nco. J( is mendy a 
pipe [ilum-ed into water with a jet of (•om])ressed air hroiight in at 
the bottom. As the hiihhles of air as«'end they eanw up water 
with tiiem, but tJx-ir eilujieney is small. 

(6) Co-operative Pmnpiiig. 

Owing to the suh-di\isiun of jiropertv in tliis euiaitry and want 
of appreciation of the imjiortauce of tlie SK'hjeut. too little utlen* 
tion has been paid to what may he called co-optralive draiiiagi'. 

One successful apphcaiitai^of this pfincijih',-how'evor, deserves 
notice, 'fhe South Stafiordsliire Mines ]>raiiiage Commission is 
a corporate body constituted under several Acts of Farliamont 
for the purjiose of carrying on the draimigu of mines in parts of 
South >Stafrord''hire and Fast Worcestershire. The Oonimissioners 
have power under their Acts to levy a rate of Od for every ton 
of C(»al, slack, and inaistonc raised within a certain district, and 
3d. for every ton of fireclay and limestone. 
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Tt is not inci • 1 J orpc.tiiiff pnm|rinj; ci'if'ines of the mo.st 
a|)|)rovo(l and economical types al. suitable centre.s that the 
Commissioners have done good work ; the results of their labours 
in preventiu}' surface water from finding its waj^ down arc also 
well worthy of record. 

.\ccording to tlie annua! report published in 189'2,* 271 tons 
of water were raised for every ton of mineral c\tracl.e(' from the 
mines, and at the cost, so far as the Commissioner.s’ cngme.s were 
concerned, of 0"18 of a penny, or less than one farthing, per ton 
of W'ater raised. 


Odlicrji GimrdiaiiL^ vnl. Ixn., 1892, ji. 648. 



CHAPTKU X. 
VENTILATION. 


Tmk remarks inadc at the beginning of the previous cliaptor 
niay^ to a certain extent bo rejaiatod in tlie case of ventilation. 
It often appears a small matter to supply a mine with .-inadequate 
quantity of fresli air, lieeause Naturt* unaided will in some 
instances do all that is needoil. IJiit when wc are dealing 
witli coal seains omitting large quantities of dangerous gases, 
(.be question of I’entilating tlic workings, often spreading over 
a very oonsidoiabio area, assumes a totally diH'orent ah]icct. 

At the iionchainp collieries in Franco, no k'ss ctihio 

J , e CL artmeiits, 
metres of m, - , 

I---. lord Jrom 

given ofl for , 

, e H lununs 
metre of con ', ' 

rpi n cimnis. 

Ihese propo . 
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oollieiie.s, France. of tl,e coal exlractc"^'® 

This proportion is *"'* 

less a little high ; nevertheless, it is no uncommon thing 
country to have such ratios us 5, (!, or 8 to 1. The impo™* 
of ventilation thus becomes very manifest. 

I propose ill this chapter to expl.nin first the causes by 
mine air becomes polluted ; secondly, the methods and appli. 
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by whicb ciirronts ..i ,ar are produced and made to eirenlate 
tUrouiili the workings; and thirdly, the mode of leating the 
quality of the air and measuring its quantity and pressure. 

(1) CauBos of the PoUuticai of the Air in Mines. 

‘Tlio atmosphere of mines is subject to various influen. op which 
are constantly lendering it less lit for supporting life; not only 
do noxious gases escape from the rooks into the nuderground 
_exca,v.atious, but the very ageuts themselves employed hi the 
execution of the work pollule the air continually. We therefore 
have to deal with natural and with artificial causes of pollution. 


Weight 

of 

Coat 


Weight 

ot 

Air 


Flu. 228.—Squaias imhc.vtuig Uy their iirea^ the lanparticm between the 
weight of tlio real exlractoil IVoiii the Eeucliainp collieries and tlie 
weight of the air sent into them, . 

The two most important gases which is.sue from the rocks 
apd trouble the miner are niothaiio aiijl carbonic acid ; in addition 
there may oocasioiiallj be sulphuretted hydrogen, vapour of 
mercury, and volatilq hydrocarbons. 

Methane, CIl^, is a colojirless, inodorous gas with a specific 
gravity of O'Dti (iiir=l). It h. s nr Jrect poisonous properties; 
but if present in sufficient quantity, it so dilutes the proportion 
of oxygen that the atmosphere is no longer capable of siijiportiiig 
.human life, and death ensues from suffocation. Methane is 
itiflammahle, aiid it forms explosive rmktures with air; the 
explosive force of the mixture is greatest with 9'38 per cent, of 
■the gas. 

It is the main constituent of ‘fire-damp,’ the name given to 
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iiiflammahlf; found in mincB. Ooai is a groat storehouse 
of firn-(lainj), wiiieli exists imprisoned in th^ pores of 
mineral in a liiglily compressed or possibly liquid state, and 
escapes gradually, sometimes with a hissing noise. Occasionally 
large accumulations of fire-damp are met with by the miner, and 
the emissions may go on continuously for years. TliLs is in no 
way surprising, if we reflect upon the vast quantities of gas now 
shut up in vario\is rochs, which are set free by more boreholes 
from the surface in the United .States and even in Sussex. 

The presenoe of fire-damp is by no means confined to coal mine^ 
as some might suppose ; in this country it is found in smalt 
quantities in the stratihed ironstone of the Cleveland district, and 
also in the. Cheshire salt mines. Mill Close in Derbyshire, 
Holway Consols in I'dintshire, and the Van in Montgomeryshire,- 
may ho cited as examples of lead mines where exptlosions of fire¬ 
damp have happened; indeed a portion of the fiist-nanied mine 
is still worked with safety lamps. 

Turning to the Continent, it is not suqirising that large 
quantities of fire-damp are met with in sinking oil wells in 
Itouiiiaiiia, and in the working.s for ozokerite in Galicia. There 
are jirohably.few, if any, mines more fiery tlian the ozokerite pits of 
Boryslaw. Explosions have often happened, and the mines have 
to lie worked witli safety lamps. However, it is likely tliat both 
here and in the oil regions generally the iiinauimability of the 
atmospliore is due not only to marsh gas, hut also to the va)iour 
of volatile hydroe,arboiis given ojf by tlie crude petroleum, which 
may bo soon on tlie floor of the workings. 

The sulphur rock of ^Sicily emits fire-damp very freijueiitly, 
and tlic official list of disastrous explosions shows that it is- 
an enemy not to he despised by the miner. 'J’he gas fills 
cavities existing in tlie sulphur seams, and also comes out of 
the bituminous shale of the partings; it is called antimonio 
hy the men. 

Carbonic acid, CDj, is a colourless, inodorous gas with a 
slightly pungent effect on tlie tongue. Its specific gravity is 
! '5 (air=l). It is not comliustihJe, and it will not support 
combustion. Like methanij, it occurs under prc.ssiire in the pores 
of rocks, and it may escaiic in very considerable quantities* 
Huge emissions have been observed in workiugs for coal, sulphur,' 
and metallic ores. At the Kochelielle* collieries in France, therO 
have been sudden onthiirsts causing loss of life in several cases. 

Pontgibaiid lead mine in Central France is likewise remark-- 

* Lange, Lea ildgagoiiient-' d’acide carlinniquo aux minoa de Itochebeile,!* 
BulL Soc. Inti. Min., vol. vi., 3*“® ahio, 189a. 
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able for fonnUabl ■ .r us of carbonic acid gas; tliey proiiablj 
represent tiie last dying throes of the volcanic activity wliich 
once characterised this region. The quantity of ga.s was soniotiinos 
great enough to i)arLly fill the levels, where, owing to its high 
specific gravity, it lay on tin; flour to a depth of a foot or more, 
whilst the miners felt little inconvenience, as tboy were hreathing 
a stratum of fairly pure air near the roof. 

Sulj)huretted hydrogen, H.jS, is a co1oui'1c.sb gas with Iho 
easily recognisable odour of rotten eggs. Its specific gravity 
is l-i!) (air=l), but, unlike methape and carbonic acid, it has 
•decidedly toxic pntpertics. Its jiresence has been noticed in 
lead mines in this eomitry, and it is of frequent occurrenee 
in the sulpliur mines of Sicily, where the water is sometimes 
sattiratod with it. 

Small (|ttaiitities of merenrial vapour are stated to be found 
in quicksilver mines and to be the reason of their nnhoalthiness j 
but one feels inclined to suggest that constant contact with 
native mercury or cinnabar, inhaling the dust of the mineral, 
and allowing some to cuter the stomach from eating with dirty 
hands, may jiossibly account for all the symptoms of poisoning. 

As already stated, the pollution of the air is tiot duo sidely 
to giises introfJnced naturally from the surrounding rocks; 
several artificial causes combine to render the afniosphero of 
the mine unlit for life, and among them may bo mentioned 
the following:— 

(a) Itespiration of the persons and animals in the ])it; 
exhalations from their skin, and emanations Irom 
excrement left underground. 

{h) Combustion of the lamps and candles used for lighting 
the working places. 

(e) Explosions of tire-damp and coat dust. 

(<?) Underground fires. 

(e) Absorption of oxygen by coal, pyrites, and other minerals. 

{/') Decay of tirnHw. 

{(j) Explosion oT gunpowder, dynamite, etc. 

()j) Dust. * 

(i) .Air delivered by compressors, occasionally. 

(a) and (h) Dr Angus Smith reckons that two men working 
eight hours, and using j lb. of candles and 12 oz. of gunpowder, 
produce 25'392 cub. "ft. of carbonic acid at 70° F.—viz., 
10-32 by breathing, 12-27G by candles, and 2-79(5 by gun- 
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It is coiisicli'i'i'il liy iiii'dical iiutliDiities that the injurious effects 
of brcattiin^ an atiiiosjdicrc polluted by the products of respira- 
tiou are due more to the organic matter than to the carbonic 
acid it contuins. Tlie ipiantity of carbonic acid produced by 
breathing serves, however, as an index of the amount of organic 
pollution. 

(c) When carbon or a carbon compound is burnt with an in- 
sndicient supply of ovygen, one of the resultant gases is carbonic 
<),\ide. 'I'his is a colourless, inodorous gas with a speedic gravity 
of 0'97. Its jioiaonous }>roperfies arc very marked. An atmos- 
jilicre containing only O'OT per cent, produces headache and 
gidilinesp if breathed for some liours; if the ijiiantity is increased 
to 1 per cent, a person falls down niiconbcious at once, and death 
will ensue unless he is speedily rescued 

The. name ‘after-damp’ is given to the gases resulting from 
an explosion of (ire-damp or coal dust; these gases are mainly 
earlionio acid, carhonic oxide, and iiitrogoi. mixed in various 
jiroportioiis. 

The miner owes a debt of gratitude to i)r Haldane,*' who was 
the firat to point out that the majority of the vietmis of exjilosions 
ill co.al mines die from suifooation liy earlxmio oxide and not from 
the violence of the explosion. This f.iot has an important hearing 
upon the best means of rescuing |)ossiblc survivors. 

(d) I'ndergrouiid fires due to burning timber or burning coal 
are other sources of carbonic oxide in mines, and as tlie gas 
is so exceedingly poisonous, a comparatively small tire may 
have very disastrous eliocts. 'Where iron pyrites is iireseiit, 
as is so often the case in coal, some sulphurous acid is produced, 
and in the exceptional case of workings for native sulphur the 
quantity generated is sometimes quite largo enough to cause 
death. 

At one of the recent (ires at the Broken Hill mines, N.S. W., 
it was noticed that pyroligneous other resulted from the dry. 
distillation of some of the timber, and produced into-xieiiting 
efl’eets upon the men who happened to he exposed to the 
fumes. 

(c) The so-called ‘ black >lamp’ of'^minest is air deticient in 
oxygen and containing a very decided excess of carbonic acid. It 

* Haiitaiie, ‘‘Keport to the Secietary of State for tile Home Department 
oil thy Causes of Death in Colliery Exphesiona ami Uinlergnmmi Fires, with 
speeial reference to the Explosions at Tylorslown, Brencepietli, and Micklefield,*’' 
London, ]89(i (c. 8112). 

t Haldane and Atkinson, " Inve'tigatioiis on the Composition, Oecuneiiea" 
and I’roperdes of Black-damp,” Vruc. Fed. Imt. U.F., vol. riii , 
p. 649. 
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IS duo to the f)roloiuo/i contact of air with coal or other orgnihc 
rnattiT in* tlie rocks. Wliere the vontilation is sluggish, the 
ahsorption of oxygon by coal, pyrites, or ferruginous minerals 
passing to a higljor state of oxidation, is often very inarhed. 

(/) The rapidity witli uhieli tiiul)er rots uinlergwmnd in cerbiiu 
cireuinstanccs has already hoeii mentioned ; the practice of leaving 
the useless decaying timber to infect the new pieces that are put 
in, soiueiimes turns a level into a lud-hetl of putrcsciat ira-tter, 
oflensive to the smell, and injurious to the health of the men, 
Steel supjiorts should he wolconiei], if only for ridding mines of 
one source of pollution of the ainios]diere. Under certain con¬ 
ditions decaying Umber will geucrale methane, and hre-damp 
prodiKU'd ill this luaniior has on various (.aicasions been the <*auBe 
of cxjdosious. 

• {(]) Sona; expiowves give both gases and solid residues when they 
ai’G fired. Jn the case of gunpowder, the smoke, is made up of 
fine })artie]cs of carbonate and sulphide of potassium witli some 
sulphur, whilst the exjdosive force has been due to the formation 
of a niniibcr of invisible gases, especially carlionic acid, c-arhonic 
oxitlo, and nitrogen, with sulphuretted hydrogen, marsh gas, 
and hydrogen. 

Mitro-cotion should ])rodnce nothing iiy its explosion but 
carbonic aei<l, carbonic (»xide, steam, ludrogen, and nitrogen; and 
nitroglycerine only carbonic acid, steam, nitrogen, and oxygen. 
But wlicn imperifcctly detonated, the resultant, gases are more 
noxious; both explosives generate a large proportion of nitric 
oxide, and carbonic oxide is lilieratcd in (a)iisi(lerable quantity. 

(A) One of the worst inijmritics in mine air is dust. It arises 
from various causes; much is ])roduccd in boring holes for 
blasting unless special means are adopted to prevent it. Home 
is sure to l»c formed when pieces of stone are knocked against 
each otlier in the pirocoss of excavation or shovelling, and, in 
the case of a tender mineral like coal, hatilage is largely 
responsible for the evil. Pieces tumble off the. waggons or 
dro}» through chinl^i and arc gradually crushed up by the 
traffic into an in»j>alpahh‘ powder so fine that it will float in 
the air. • 

A dust-ladeu atmosphere is haimful in two ways: particles 
of stone choke and irritate the lung passages and so cause disease, 
and air mixed with some kinds of coal dust will cause cxplosiou.s. 

(t) Compressed air used for working r(K;k drills, &c., sometimes 
contains carbonic oxide and oUier gases, wdiich are generated by 
the heat due to compression, either from the lubricant used in tbe 
cylinder, or from coal dust or even from the washers of tbe air-pipes. 
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( 2 ) Methods of producing Air Currents, 

Two sy.steius of ventilation arc em[)loyeJ in mines—natural 
and artilicial. Under tlie former, curn'uis ‘Tiet up hy nntural 
(iidbrences of tompcratnre ehan^c tlio air of the workings; 
under the second, artiliolal means arc employed to bring about 
tlio same result. 

The principle upon whiidi natural ventilation de})onds is very 
easily liiidijrstood. 'i’lio teinpej-aturo of the earth inci'easics at tin^ 
rate of V F; for every 60 ft of depth, and tliis natural lieat is tlie 
inaiuBjiring ni creating air currents. Rujjpo^e a very simple'ease, 
two shafts A II. C 1> (tiy. liliO), connecU'd by a horizontal level 111 >. 
The air in tin* shafts and levid, wanned liy Jl..s contai‘1 with tlie sides 
of these underground jjassages. gradually assumes their tom['era- 
tuie, which will he usually higher or 
lower than that of the exi-enial atino- 
R|'liere; the prolilem is simply that 
of two communicating vasc.s. At tlio 
p(»int 0 wo ]ia\o the pressuro due to 
the wciglit of the column U D + the 
weight of the atiuosjilicre at (1; at B 
the pressure due to tlie smaller column 
A n + the weight of the atmosphere 
at A. 

Draw the horizontal lines OF and 
A F, and prolong the line of the shaft 
A li upwards by the dotted lines. The 
pressure of the atmosjibere at F and 0 is the same, and there¬ 
fore an} ditlcreuee of piessiire at B and D depends upon the 
relative weights of the columns FB and CD; hut All is equal 
to K J),* HO that the real ditlermice depends upon the weights of 
the two Columns of air - -F A outside the mine, and CE inside the 
mine. In this countiy the external atmosphere in summer is 
often hotter than that of the mine; tlierefore the column C E 
will he heavier tlian the column FA. The column CD will- 
overcome the resDtance presented to it’jy the column FB, and 
create a natural current going in the direction C D B A. In 
winter the conditions are revensed. TIic cold external column 
F A is heavier than the compai-atively warm internal column 
CE, and the weight of the entire column FB will be greater 

* This is only approximatoly the case, for ED lies, on llie wliole, deeper 
than A B fi-oin the surface, and theivfon', in general, £ D shouhl bo a little 
the wanner. 
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than that of '-‘i, -.n CD. Ttie result is that the \vei},'ht of 
the coluuiii F Jj will cause iiiolioii hi the direction A JB D (!. 

Tn any one of these eases, the Greater the diH'erence in teiiipcra- 
tnre, the greater will be the velocity of the ventilating oiirroiit. In 
winter the ventilation will be more active than *iii the auininer, 
because there will be iiioro differenoo between the outside and 
inside temjieratures; and, furthermore, though' there are differ 
ences between the day temperature and the night tempo-, .itnre, 
still the tendency is always to produce a current in the same 
direction. In summer the nights may be oold though the days 
arc hot, and therefore the difforeuee in temperature belvveeii tlio 
air of Hie mine and (hat of the surface may he acting in two 
opposite ways according to the periixl of the day or night. A 
shaft whicli is drawing np, or is an ‘upi-ast,’ during the heat of 
llio day, may have a descending cufrenf, or be a 'downcast,’ in 
llic cool hours of the night, and practically bavi; no current at all, 
while the outside and inside temperatures are alike. 

There is not only this ol'jcction to natural ventilation, that it 
may vary in direction during the course of twenty-four hours, but 
the still greater objection that at certain seasons of the year it 
may he nH. hecauso there is no diU'erenee in temperature between 
the outside and inside air to make one column heavier than tlie 
other. 

The creation of a natural air current is not due solely to the 
difference of tom])oraturfi caused by the natural warmth of the 
rotks. The heat engendered by the respiration of the men and 
animals, by the combiislion of the lamps or candles, and, lastly, 
by the explosives, is also a factor in making the air of the mine 
warmer than that of the surface, and so setting up a current. 

I take this opjiortunity of correcting the common statement 
that carbonic acid invariably collects in the lowest part of the 
workings. This is correct only in cases where the gas is issuing 
forth from rocks and sinks down like water. Whore it is produced 
by respiration, caudles, lamps, or explosives, it is diffused through 
a warm atmosphere, aSceud-s with it, and does not separate from 
the other gases. Tiie conseijuouce is that a ‘rise’ may be found 
liadly ventilated, although* the air 1 he level below is fresli arid 
pure. 

As already pointed out, natural ventilation is often weak or in¬ 
constant, and therefore cannot he relied upon for furnishing an 
adequate supply of air; it then becomes necessary to rosort 
to artificial means for producing' air currents. 

‘ Artificial ventilation is effected by heat or mechanically. By 
placing a furnace at the bottom of a shaft, the miner warms the 
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colmiiii (if air wliioli it cmitains, and S(> nm lers it lighter than a 
similar column in an adjacent shaft with which tlic first is in 
coiiuniinicatioii. Again, we liave a case of two communicating 
eases: tlie woiglil of the heavier column of cool air overcomes 
that (tf the lighter column of warm air; a current is produced, 
and continues so long as there is lire to do the heating. Let AB 
and (ID reprcsiut two shafi,s, and suppose a furnace to be placed 
ill |l. The warm coluniii 01) will he lighter than the colder 
column A 11, and a current will be created, descending tiro ‘down¬ 
cast’ shaft A 1!, passing from B to 1), and aseending the ‘ upcast’ 
Cl). In actual practice the current 
does not go direct from B to D, but 
18 diverted by doors and stojipiugs 
so as to sweep through tlie roadways 
and working faces before ascending 
the upcast. 

In small workings a little fire lit 
at or near tlio bottom of tlii“ upcast 
shaft, or oontamed in an iron vessel 
suspended in the pit, is siifliciout for 
the purpose, from pel l.y tiogiiinings 
of this kind lias developed the large 
niidorgrouiid furnace, which in its 
turn is gradually being ousted by 
mechanical appliaui;e.s. Of these 
latter by far the most important is 
the centrifugal fan. 

The fun is characterised by tlio 
fact that the current is produced 

SSC.-Diagram (.xplaiaiiig “ 

tliL' |)riiici|'li‘ of fiiinace VL’ir- revolving sluift. Ihc air lying 
tilatimi. between them ia whirled round 

and round, and Hies off tangentially 
at the tips, like a stone from a sling. The sjiaoe previously 
occupied by this air is at once filled by supplies coming in 
at the centre, and the process goes on continually. The centri¬ 
fugal ventilators or fans aje generally used as exhausters— 
tliat is to say, they are arranged so as to suck air out of the 
mine, instead of forcing it in. 

Kive types of fans very largely used at the present day are, 
in alphaiiolical order, the following:—Oapell, Guihal, Bateau, 
Schiele, and Waddle. 

The Capoll fan (Kg. 231) consists of two concentric cylindrical 
chamlier.s, each provided with six curved vanes or blades, the 
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convux sidi'n of ' 'i arn tuniod in the dircciKiii of ilie rotation. 
The cyliiidiioal slinll or drum h, betwoen tlio two sols of vanes, 
contains openings or jvirt-Iiolcs dd, allowing the air to pass 
from the inner to the outer chainhors. There ii^oue .such chiunber 
between every two vanes. The air contained between any two of 
the inner vanes r, is thrown out by centrifugal foice w hen tlie fan 
revolves, and passes at n high velocity into the • orrespoiiding 
outer chamber. Here it is supposed to strike against t.hi concave 
vane, and give back to it the gre.iter part of the ini|mlse received 
from the inner chamber. The advantage claimed for 11ns fan is that 
it discharges the air with the least possible velocity, and therefore 
even when driven at a high rate of s]ieed can do a large amount 
of work ill sjiilo of its comparativoly small diameter. 

The (liiibal fan (tig. L’il2) is a fan with eight or ten straight 
blailes, which are not set radi.ally. An important peculiarity, 



introduced hy (Jiiibal, and since copied liy otliers, is tlio expriiding 
stack or chimney, wliicli gradually lessems the velocity of tlic air 
as it ti'avels towards the point of discharge into the outer atmos¬ 
phere, and the sliding shutter a. The shutter enables the open¬ 
ing of the fan casing into the cxfiandiug chimney to be regulated 
at pleasure. 

The Rateaii fan ffig. 2?3) draw s.' in the air on one side only.. 
It consists of from 18 tr^ '.M- curved blades of steel ]ilate atuiclnal 
to a horizontal axle. Thesi bl.i' > i in revolving cause the air to 
be drawn in at the centre, and then expelled at the jwiripliery 
into ,a volute-shaped dift’usor, which gradnally increases in .size 
and ends in an upright chimney. The eeiitr.vl part, .shown o|ieii 
in ohe figure in order to displ^ay the blades, is closed in by a huge 
steel pipe which connects the fan with the fan drift. 

The Schiele fan is somewhat like the Oiiibal. It has the same 
expanding chimney, but the blades are curved and the casing is 
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it decreases boi’. arils the centre of the fan and towards the 
tips. It is small as compared with the Giiibal. 

The Waddle fan differs from those just described by nuiuiiig 
open — that is to say, it is 
not enclosed in any ex¬ 
ternal easing (fig 235). It 
is a very flat hollow trun¬ 
cated cone, with the base 
closed and a central open- 
ing on the other side. The 
air passes in at the centre 
and is discharged at the 
circumference. 'J'hescfans 
are made witli a diameter 
of 30 to 45 ft. A recent 

improvementistheaddition Fro. 2H1.—Soliieio i cntilating I«n. 

of a divergent outlet; the 

velocity of the air leaving the fan is thus lovverol, and less 
power is re(]nired for driring. This tan, like the Uuihal, is a 




Eio. 235.. ,r\V.aMlo ventilating fan. 


Blow-running one, which can be driven directly from the engine 
without the aid of belts or gearing. 
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S(imc comparative tosta made in "nplandi a few years ap;o* 
showed that tlic (Iiiilial fan is a more etficient ventilator than 
the (taiK'll, the Schiele, or the Waddle; whilst a trial in Belgium 
lately proved the sm.ioriority of the Bateau over the (luibal. 

"A description of niochanical appliances for producing air 
cun-ciits would not he complete if it stopped at fans; other means, 
tlioiioh ^it secondary imjiortance, have to he mentioned. 

Where compressed air is employed, the exhaust from the 
machine may do good servici' in driving out foul gase.s generated in 
the workings, an‘i there is the further .advaniage that, after blast¬ 
ing, a powerful streaiu of air can he turned on for a .short time 
so as to sweep out the noxi'ius fumes completely. A jet of air 
or water under prcssiu'c turned into a large pipe drives its contents 
forwards, and so creates an exiiaust from behind which may he 
employed for sucking out the bad air from an ‘end’ or other 
iidvanci'd working place. It is likewise possible to reverse the 
action and drive in fresh air instead of sucking out (.he foul. 

The Hai'ta blower (dari' viarhtw, Cornwall) is a large wooden 
air piiiiip of simple constnirlion, which is attached to the main 
rod in a piinipiiiig .shaft, and provided with pipe.s jinicecding into 
the workings; it can bo made to act as a blower or an exhauster. 

Tile mere production of an air current, descending one shaft 
of a mine and ascending tlic other, is not all that is required. 
If left to itself, the air on reaching the. bottom of the ‘downcast’ 
])il would rush by tlic nearest road to the hottoni of the ‘upcast’ 
and leave the advanced workings, a mile or more away it may be, 
entirely iiiiveiit.ilated. It therefore becomes necessary to force 
the current to travel along ccrUiin deliiiite paths in order that 
it may scour through all parts of the mine. The means em]iloyed 
for clisfi'ibuting the current are stoppings, doors, hrattiee cloth 
(shertii), and crossings. If a level by which the air current could 
take a short cut to the upcast is no longer required, it should he 
closed permaiieut.ly by putting in a stupjiing— i. e., building up a 
■strong wall of brickwork. On the other hand, if traffic has to bo 
carried along the roadway, the short circuitifig of the air is pre- 
vciilcd by a door, which is hong so that it will close of itself when 
opened; it is also arranged so Miat the pressure of the air eiirrciit 
shall tend to keep it shut. To prevent nnuccessary leakage of 
the air current, two doors may be put up instead of one, the 
second not being opened until the first is shut. Where such 
leakage is quite uiiimiKirtaiit, a pipce of strong canvas {hraftice 
cloth, shett) is hung from the roof and lifted up when a person has 

‘ M. W'altoii Brown, “ Mvchaiiical Veiitilatora,” Travs. Imt. M.E.,vo\. 
xvii., 1900, p. 506. 
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to puss TJio ciirront of foul air returning from llie working 

fiico may occasionally liavo to cre^s the path of the ingoing stream 
of fresh air; here it becomes necessary to construct a hollow 
bridge or crossing—in other words, one ourrent, is carried over 
the other in a passage cut through the strata and snilably lined* 
with timber or lirickwork. 

If the mine is largo, it is unwise to make tlie cuti-e current 
pass through the whole of the workings, because there iiould 
bo an unnecessary waste of vcntiladng jiower in overcoming 
the friction between the air and the sides of the passages. 
Consequently the main current is snb-di\ided or ‘sjilit’ into 
secondary currents, each of which ventilates one portion of the 
workings; the Secondary currents arc then hrouglit together 
near the upcast and ascend in' one big stream. 

(3) Testing the Air of Mines. 

Mine air is tested as to quality, quantity, and pressure. 

A knowledge of the quality of the air is desirable for two 
reasons: it may contain gases capable of causing acciileiils 
by oxjilosion or sulfocation, or it may bo polluted by gaseous 
or other impuritii'S likely to injure the health of the men who 
h.ave to breathe it. 

In this country the testing as to ipiality i.s mainly coiitiiied 
to a search for one datigeroii.s ingredient—viz., iiillamiiiahle 
gas—and tlie method of search is almost invariably the sanie. 
The miuer draws down the wick of his safety lamp until 
the yellow flame almost disappears, and then holds the lamp 
near the roof, for it is there, if anywhere, that the light 
methane will collect. Tf the gas is present in sufficient quantit y, 
its combustion produces a pale blue ‘cap,’ halo or aureola, 
around the little flame, and the greater the pnqiortion of fire¬ 
damp, the higher the cap. Kxperienced observers do not 
profess to be able to detect the presence of gas in this manner 
if the percentage hiSls below 2|. A lamp ted with hen/.iiie 
iir place of oil gives an indication even with 1 per cent., and, 
as pointed out originally tiy P-eler ' one case and Le Chatclier 
in the other, the hot non-luminous flames of alcohol and hydrogen 
enable still smaller quantities of fire-damp to be recognised. 
Chesuean’s lamp, largely employed in France, is an improved 
Pieler lamp, with a little nitrate of copper and dicbloride of 
ethylene dissolved in the aleoh'ol; it will detect J per cent, of 
inflammable gas in air. Stokes’ lamp is an ordinary safety lamp 
with a small detachable alcohol lamp; the official is thus relieved 
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froiri tlic necessity of earryiiig two large Inuips, one for ligljting 
his path and the other for testing 

Clowes follows he Chatelicr liy using a hydrogen flame, hut 
ada]it« a fletnehahlo reservoir of hydrogen to an orditiary safety 
lamp in a manner which enables either llame to be used at 
pleasure. 

llcijrd A'. Maekie attach above the wick tube a frame like a 
uiiniat\ire ladder with horizontal cross-bars made of platiiunn 
wire. The greater the amount of gas present, the hotter and 
longer will be the flame; and the percentage of gas is ganged by 
the height to which the cross bars .are brated to rodne.ss. 

I.c Cbalolier’s method of determining the amount of fire¬ 
damp in mine air by mea.suring the limits of inflammabilil.y 
of gaseous mixtures is one of great delicacy, for it gives results 
wliieli are comparable in exactuoss with those of a chemical 
analysis. But the determinations have to be made at the 
snrfai'C, and (ionseipiciitly samples of the air have to he brought 
tip in bottles from the mine. Be Ohatelier’s niotbod is in regular 
daily use at eertain French collieries; and his liurettc is a 
far simpler, cheaper, and less cumbersome piece of apparatus 
tbau that brought out by Shaw, though the latter may claim 
the erodil of having be,en the first to point cut the principle 
upon whieh the determinations are based. 

The only other mode of testing air commonly employed at 
mines consists in oliserving the effect of the air ujion the flame 

of tlie ordinary miner’s candle. It is of use in some ctises. 

If carbonic acid gtis is issuing from the rooks, it settles down 

to the bottom of the excavation in virtue of its specific gravity, 

and men have freipiently been asphyxiated by descending- into 
sliafts or wells in which tlic gas had aceuniulated without their 
knowledge. Where danger of this kind may be appreliended— 
for instance, in mines liable to emissions of carb()nic*'acid, or 
in tlic case of old workings th.at have not been recently entered— 
a lighted camile should certainly be lowered bolore letting a 
man go down. If the candle is found to burn brightly, it is 
generally concluded that there will b? no danger in milking the 
doaeent; if it goes out, itris evident that the air is unfit to 
support conibusliou and biiiimn life; if it burns dimly, thorn 
is need for the greatest oautiou. 

Dr Angus Smith considers that the candle test affords no. 
distinct sign that the air is had, until the impurities have 
reached an amount beyond the maiimuni which is consistent 
with good ventilation. Thus the candle affbrd.s no indication 
of the presence of \jer cent, of carbonic acid; if the peroentagfi 
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is Ihan h > s:iyts tliat looi siionlfl jjd It allowcil 1o 

work, aiJvl, to use hife own w-rds, “it follows tlieiefoiv lhat 
the candle as xisul is on)}' \aluHbl«' when the air is so bad 
that no one should ]»e aliowod to n'tiiain in it.” 

Small }iro}HH-tious of earhonie acid, wliieii are wholly nii-* 
rncoo'nisfiblo by the caudle te.^t, ca.n reiulily be <iet,oct(‘d and 
easily jueasurtHl by cluniica] methods wbieli are (|uile within 
the jMjwers of an onlniarv niiiU' ai^eiit, but want of sj<ai for- 
bids my dealin;: with them hero. 

Tlio ([viantity or air jiassin^ ihrou<j:}i any s^iven passage can 
lie ealciijaied bv measuring its sectional area and aseertaininix 
tile speed of the enirent !iy irieans of an anamun.eter 

Tiio eormln.ll(‘^t, t\j)e of anem'-melcr (hi:' -•H»! is an insIrniiKMit 
})rovidod with \anes a k like 
those of a waihlindl : by the 
aid of V(*rv siniph- j^i'aiiii;a, llie 
number of revoiuuoiis of tlie 
spindio (‘.arryiiij the vaiU" 
reeord»‘d on siniablo dials bki- 
those of a ;i:as meter, and tiic 
veh'eity of tba cnrri’nt i,- di- 

dueed froiii tkt nmH]>er of 
revolutions in a yiven time 

The area of the passai;e. in 
square feet niiilti]>ned by the 
velocity in feet ]/cr mmut*' 
gives the number oi eubie feet 
per mumte. 

A mere knowb'dge of the 
Yoluine of air passed tlirouah 
the W’oi kings docs not sulliee.: 
in addition, it is necessary to. 
determine the amount of raiol'aciioih produced by the ventilating 
machine—in oth^r wonls, the diireroncc beUveen the ]»rossnre of 
tlie air in the mines ajid that of the external atmosphere. Tlie 
in.stnimcnt emphyed for tliis purpose is the ncmninetcr or water- 
gauge. It is a, tdass tii}>o bent in t' ' form of a TI, jiarlly filled 
with water; »jne li'g is in communieation willi the outer atmos¬ 
phere, and the otlier vvitli that of tJio mine. It is usually plaeed 
In the engine house of the fan, and a. pipe is carried from it into 
the fan drift. The snetion of^thc fan cause,', the jirossnre of air 
in the mine to be less than that* of the extcrn.d atmospliere, and 
the diminulum of pressure is indicated by the diflerencc in the 
heights of the two coluinus of water in the Vl-tubc. This difTcr- 

15 
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Figs. 237, 238, ‘239.—OcbwHaV.s aelf-rpcordiuK watwr-gauge, made by 
IMutseb. Front elovation, rear elevation, ana plan of the cyliuilers. 

In Prussia it is necessary to keep a reed'd of tbc manometricaV 
depression {‘water-gauge’} produced by the fan. A self-record¬ 
ing water-gauge largely used is the one invented by Ochwadt and 
constructed by Pintscb (figs. 237, 238, and 239). ' 
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It consists of '-v' liilrical reservoirs partly full of water and 
connected at the botloni. One reservoir is eonnoded with the fan 
drift, and the other with the external atmosphere. 

In each cylinder there is a float, and the two floats arc conncctod 
by a piece of chain running; round a pulley. Tlu’rod h attached . 
to one of the floats carries a writing jH'ii <J, wliirh is l?c|)t ji a 
projier position for work hy the rod /; i is a cylinder driven by 
the clock shown on the upper part of the instrument, ai; i trie 
sheet of paper for the diagram is fixed ujion it by two iudia-rnbbtT 
bands. Tlie Irorizonlal linos denote differences of pressure, whilst 
the vortical lines indicate the successive hours of the day. In 
order to start the instrument, water is piourcd in through a hole a, 
until it runs on t at h (figs. 238 and 239). These holes are then 
closed up by sci’cws, and the nipple c is connected hy moans of a 
piece of fle.vihle pi])C with the mine; e is an ordinary water-gauge 
made of a bent glass tube, which serves to clieck the indications of 
the mail) .apparatus White at work the hole x (lig. 237) must he 
closed by a screw. The screw k closes a, hole which may be used 
for completely emptying the apparatus of its water. The two rials 
« and K Bim])ly serve for the purpose of canying the a|)paratu.s 
about when necessary. It is evident that any difference of pressurs, 
between the air in the two cylinders will he indioalod by a 
diirereiicc of level between the two surfaces of water. When r 
is put into communication with the mine, the water will rise in 
that side and fall in the other, and the variations in pressure will 
be duly recorded by marks on the diagram paper. The resulting 
curve will he a record of the state of the water-gauge for 24 hours. 
The instiTiment shown in fig. 237 supplies the record for one day ; 
a similar instrument is made giving a record for 7 days. 



O.IUPTKU X(. 

XIGHTING. 

In nn'lf'i^routiil \vi)rKiiiL*K nrl.ilicial liuhl is a no^•('^^)IY at all 
tinif’'. .iMil in qua,mes it is rcquiml wIr'D tin- work is c.arriyd on 
ai ni.ulil 

TIk;, nu'iins of illunmiaUou on)p)o 3 '(’'l .an’ as foIio\\^:- (1) 
irlloch’d dayliuiil ; (2; iMmilos; (.’>) torciuv , (4) onlinaia opoo 
l.iiiips; (n) oi'flinarv Mifrlv lat(i|)s; ((>) rlcotric lamps; (7) 
inis(.‘i.:l];ui(.'oiis l.iiojis. 

(1) Reflected Daylight. 

For sniKni-j <jil-\\<'lls in Japan nJlcote'l is used. 

A pici’c i>!‘ Iraiishicenl oil paper al)out f) ft. In ft. is siibpended 
<»ver the well at an angle of -15", and throws light down tlm pit, 
wliieh may he dug to a di'pth of (100 to OOn ft. 

In driving ihc Hell tunnel at the New Idria qiiieksilver mine in 
California, there was a disastrous oAplosion from inllammahle gas, 
and after that the tunnel was illuminated hy bunliglit relieetcd 
fiaun a nnn*or placed at tlie month of the drift. 

(2) Candles. 

The eandles used In miuer.s are very freipieiillv Uie so called 
‘dips’--that is to say, they are made by dijqdng a uic.k into 
molten tallow and allowing it to take tip a V(»at of grease; the 
•process is repeated several times, un.il hy addition of several 
Coats the thickness of tallow is suflicient. 'Jdie wiidt is made 
of cotton, or of eotton and linen. 

A&a rule tlie Uritish miner iiolds Ids candle in a lump of clay, 
which forms a very i-ouvi'ident suj>piui, us it can bo readily stuck 
up at any point wliere it is wminal. U can also be stuck upon 
ihr bat nben ihe miner wants to climb n ladder or .a eliain. 

The tallow candle has the disadvantage of guttering in a 
. m 
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clraii"]it and uf ■ a ^ood deal of smoke, \vliicii is liad if tlie 

working place !s at all elose. I'aratkn, slearnic, and ‘ eoyiposite ’ 
candlc'-' arc ofUs) nsed in plaeo of the comihon dii*; they ilo not 
sfand u strong draxi'^lii or drops >>f water so well as the laticr, hu( 
they give less smoke and do n'>l. gutter so jinieli. ^ * 

in the United ^Sta^os and the (Colonics a metal eandhsholdcr is 
very generally employed ; and for the oHicial who lias to make 
uot(‘s nndergro-md, it is eertamly tiiotv* (iiauenient timn tlie usual 
lum]> (*f elav, as \Nitii tlu; latter it is dillieult to loM'p the noliv 
hook clean. 

(;>) Torches. 

Torelies are seen in a few (‘xoeptioii.d instances. Large 
underground chamliers may lx*, lit up for a short tnie*, in order 
to examine tfie roof, hy Imniing a IhiikIIc ef woofi dia,rings 
s<taked witii napiithu or pei.roleiim. 


(1) Ordinary Opeti Lamps. 

Ordinary open lamps v;u'v very mneh in shape .and si/e. 
The Sicilian miner has a lam[i of the simph'st eonsiruetioy 
imagirial'le; it is a mere o[)en cuyj of ungla/ed [lottery ahout 
2 in. in diameter and an inch deep, witli a little lip for holding 
a cotton wick, which lies loosely in the olive oil used as an 
illuminant. It is ruder than many of the lam[)S found at I'ompeii, 
which in shajie somewhat resomlde tin* iron kim[>s Qin[>]oyod in the 
Hartz. Tin* latter are provideil witli a hook, by wdjioh they can 
he htdd betwi'on the thumh and foi-clingiu' when climbing ladders ; 
the hook has a sharj) jioint which the miner can stick into a tim 
her prop or a crevic.e in the rock while at work. Tlie body of tlie 
lamp IS closed , it lias a inhe. for the cotton wiek a.nd a liole with 
a fecrew-jilug thi’ongh which the supply of oil 
can be replenished. A pri**ker for trimming 
tho wick is atta<“l'C*d by a light chain. A 
smaller but similar loinj) is met with in Frauci*, 

Northern Italy, aifli parts of S})ain : tho body 
is lenticular, and is suspetidid i'y e ' ng hook. 

In Scotland and in some parts oi the United 
States a small but serviceable tin lamp, of the 
shape shown in tig. 240, is very common. It 24 n,—Mim I’.s 

can he hooked on to the r<icl*, or on to the hat oil lamp. 

- when climbing the ladders. Olive oil or rape 
oil is hurnt in tho lamps just described, and the miner earnes a 
su|)ply in a little flask. 
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The so-called ‘torch lamps’ of the Wells Company are seen in" 
quarries at night. A strong cast-iron reservoir has a beak or 
spout with a large cotton wick, and is supplied with petroleum. 
It give.s a strong but smoky flame. 

Lanqis have the advantage of lieiug cheajier and cleaner than 
tallow candles ; but the hitter do not seem likely to be displaced 
in Knglish and Welsh ore mines, though the Scotch lend minors 
[irefor the former. 

(h) Ordinary Safety Lamps. 

ily ‘sal'ety hunp’ is meant a lamp which ha.s its flame so 
protected tliat it will not ignite tire-dam]) contained in the 
snrnmnduig atmnsjihere. 

The conslrnelion of the ordinary safety Jam]) is ba.sed nj)on the 
i'ai’t thgt gauze of a eerlain mesh, made with wire of a certain 
gauge, is c.qiable of cooling buniing gases to a point below i.hat at 
which combustion will take ]ila(‘e ; in other words, it will prevent 
the jiassagc of flame. Therefore, when a lamp enclosed in a 
snilable cylinder of this ganwe. is placed in an atmosphere con- 
taming Jire-darn]), the inflammable gas inside the envelope will 
hum without igniting that which is outside. 

The ordinary Davy lamp (iig. 241)* consists of a biuss oil 
vessel h, on to which is screwed a cylinder of wire gauze a, about 

in. in diameter and 4^ to in. high. The cylinder is further 
closed at the to]) by a cii.]i of wire gauze c, which overlaps the 
mam gauze for a distance of 1 in. to H in. In the centre of the “ 
oil-vessel is a round tube containing a cotton wick, which can be’*’) 
trimmed from the outside by a piece of wire / passing up through*”^^ 
the bottom. Tlie gauze used has 28 holes or meshes per Uneat 
in., or, in other words, 784 per sq in. Speaking roughly, the 
holes arc in. sq. Three rods r, attached below to a ring 
screwed on to the oil-vessel and above .to a plate, protect thc' 
ganzo to a certain extent. The lamp is carried by a strong wire , 
ring fastened to I he top jilate J. llape, c ilza, or .seal oil, alone 
or with the addition of petroleum, are used as illuminants. 

The Davy lam]i has sever;! defects: in the first place it gives 
very little light; and, secondly, it will,fire an explosive mixture, 
if the velocity of the current exceeds 6 ft. a second. 

In t.hc Chinny lamp (fig. 242) the flame is surrounded by a 
cylinder of glass a ; the air which fejds the flame comes in through ' 

* The materials used in ronatnicting the lainp.s are indicated liins:— 
gtosa SraeB Ttan Sheet-Metal 


Comet'* 
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{he gauze just, 'he glass, descends along its inner face and 

goes to the wi<-lc, whilst the products of comlmstion puss up the 
ccnti'o. IS'othing separates the descending current from the 
aacendiug one, and consoiiuently the oil, from want of a direct 
supply of fresh air, does not always bum so brightly as it does ii^ 
a lamp fed from under the gauze; but the light, is far bettor than 
that of a Davy lamp. Tn a, current, however, having a veloeity of 
more than C ft. in a second, it lioliaves like tlie Davy, and 'guite.s 
an explosive mixture. 




Tile Muescler lamp (fig. 243) may he described as a Clauuy 
lamp with a chimney a fixed above tiie flame, and attacliod at 
tlie level of the top, of the glass to a diaphragm or liorizontai 
partition or wire gai*zo h. Tlie path taken by the air i.s shown by 
the arrows. The Tact of tiie inward current of fresh air being kept 
separate from the outwafd mirren' ef foul air assists tlie illuminat¬ 
ing power of the lamp. 

Tiie Marsaut lamp (fig. 244) is of the same type as the Clamiy, 
that is to say, it has a glass cylinder with tlie air entermg above 
it, and no chimney; but it Jms extra safety afforded by a second 
or oven a third gauze, and a hotinet or shield of sheet iron. These 
additions enable it to resist currents of 2000 ft. per minute; other 
■ advantages are an illuminating power of‘about two-thirds of a 
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Laiii^anJ ciiiiilli',siiii|)liritv lutfl li. foi the ganzc is protected 

_v l.lie shield Innn iiceideiitrtl tildws of a jiii-k or other soun-es of 

'I'lie Wolf lamp (iiirs, 215 lurl 2J0), verv laramly used on the 
lontinent, is fed willi henzoiine eonlaiiied in a reservoij' inll of 
otton Wool, lit'nzolnie >ii\es a eleai- flame, the lirdiianev of 
liieh IS more laslinp than that of a flame sup)ilied uilh vegetable 
il, as the v\iol< is nol elooited so ra|ndU. The air is taken in 
elott tlie class. aVn intere.slme' feature of the Wolf lamp is the 



li'in. "-It!.-Miiescl, 1 imn].. I'm. '^44.—.Mars.mt lamp. 

ineonious device for reliohtinn; it without removing the ptiass, .so 
the miner is no loneer temjited to hreak the rules and open Ins 
lamp, if by accident it goes out. The lainp.'ius two gauzes and a 
corrugated shield. 

In order to prevent careless and imprudent men from risking 
their lives and those of their eomrades by oiiening their lainjts, it 
is ueee,ssar\ to lock iheiii securely hofore they are taken into the 
workings. Aarioiis dei'ict's have iiot'ii piviposed for the purpose. 

A eonnnon and satisfactory fas(.ening is the lead rivet, whieh is 
phieed ihrougli two hole.s, one in Itlie brasR ring holding the glass 
aiel the other in the oil \essel ■ it is then firnilv squeezed with a 
pair of nipjiers and flins imjU'Ossed witli a mark, which can be 




LTGUTINC,; 


233 


cliwiRi'il from <1 j 1, (lay i[ iiL‘i!ess(iry. TJic laiiip cannot Ik: 
opcuoil vviUioiU filitiiic: 1ln’ I'ivct. w any tampcriiin uilii it on tlio 
part of the niinar woiiki inataulh^ l(e deiceled at tluKciKl nt the 
ahjlt. SouiO loiiie (nvnera prefer Wolfs iiiaoiietic loch, which 
re(piires a poueii’nl (‘]ectro-iiii(ot!ct to ])nil back a bolt hefor** tlu» 
top can h( niiscrcwcd. 

(fi) Electric Lamps. 

lloth arc. laiiijte and glow lanips h.aYe their Kpecial spheres 



Flos. 2ii' (tii'l 2t().- Wolf lamp. Wolf lamp, sectional (^Icvalion 


of nsefulnesf'. at ini»ics and (piarries. The Ibmier are often 
cinploted helott gifaiiid where the excavations t.iKe the Ibriii of 
hu'co undergioiind chainiflira, sneh "s niiU' he seisi in eortaiii ft.alt 
niincM, slate niiiies and even lea'l mines. Above ground the 
arc lamp serves to illinnhiate open vvovkiiigs at night, as well as 
pit banks and sidings. 

Fixed glow lamps form ii• couvouient and do.sirahle means of 
liglitiuL' up pit hottoiii.i. on setting plaec.s, levels or sidings where 
tiie trailic is large, and ladder-ways or iiiiui engines whhdi are 
luneli frecpieiiloil. Ag.dn, in sinking shafts, a cluster of Incan- 
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descent lamps huug from an electric calik will enable the minei: 
to do his work under iinaceustoined conditions of brilliancy. 
While the lilastiiig is going on, the lamps are drawn up mit of the 
way of the stones which might be hurled up and break the 
'glasses. But their use does not cease here; for at one of the 
mines on the (.iomstoek lode.* candles have been entirely dis¬ 
carded ovi'U at the workiim faces and in the atopes, and have been 
replaced by incandescent lamps supplied with electricity by 
special cables. 

During the last few years many forms of portable glow lamps 
have been tried at collieries, with the object of providing the 
miner with a safer anil more hrilliant light. The only lamp 
whieli has attained any measure of success 
is the SuHsmanu (fig. 247). Several tlioiisands 
of them are now in daily use in Kngland and 
Bflginm. Two Mcnmulator cells supply a 
emrent which passes throngli the usual tihre 
and causes it to glow. The Imlh D is |)ro- 
tected hy an outer glass B and provided with 
rellector E and I'’. The lamp weighs 4 to -IJ 
Ihs. and will give a light of 1| candle power 
for 12 to 14 hoiins; the cost of the lamp, in¬ 
cluding all expenses, is from 4d. to 5d. per 
week. Tlie only fault found with the lamp by 
its opponents is that it does not indicate the 
[irescncc of fire-damp; thi.s objection is not 
found to outweigh tlie other merits of the 
lamp by tlie colliery owners wlio employ it. 

(7) Miscellaneous Lamps. 

Among these must be mentioned ordinary 
Eiu. if'.—.Sas-smann gas lamjis, aeetyloiie lamps, the Wells lamp 
I'li'i'tric hmip. and its eoiigoners, and finally the Kitson 
lamp. 

The use of ordinary illuminating gas at the surface is too 
well mnlerstcod to need any remark ; it is occasionally em-' 
ployed for lighting pit bottoms, sidings or levels with much 
traffic. 

Vortahie acelvlono lamp.s are already carried by tlie agents of 
some mines, who are anxious to have a more brilliant flame than 

* Ifali, “ Elecl rival Equipment of the 0. & C. Stiaft of the f’oiiaolulated 
California ami Virginia City Mitiitig Co., Virginia City, Nev.,” Mina and 
Uinends, vol. xxiii., p, 169. 
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that affordeil hr f-O or tallow. They have likewhe found a 
successful a])plication iu the case of sinking sliafts. 

The Wells lamp, which is much used ior surface .works, also 
serves to illuminate largo underground chund)cis for special 
purposes, such as examining the roof. It is a*contrivance loj 
huniing tar oils converted into gas, when forced through a heated 
hurncr hy jn-essure produced by a liand air-pump. 'I'hc daine is 
from 1 ft. to 2^ ft. in length, and gives a light of iuiO t . 4000 
candles. 

In the Kitson lamp* a mixttirc of jiotroleniu vapour and air 
is burnt under an incandescent mantle, resomhling the Welsh,ach 
mantle, with which most people using gas arc now fatniliav. 'I'hc 
petroleum is converted into vapour hy the heat of the flame, and, 
save at the moment of ligliting, the. lamp is w lf-sup])orliiig. 
The contractors’ lamp adojkod for out-of-door work is rctiddy 
carried hy two men. Kitson reckons licit an illumiiial.ing power 
of 1000 standard candh's is ohliducd at a cost per hour of Id. 

* Kitsdii. “ Potmhuiii Itu-aiidrscout LiglUiug.'’ Jour. Joi Arh, vot. li., 
1903, p. 440. 
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ACCESS. 

Wni'A tiiiic (ici'upipii liy tin' iiiiiuTin ":()iiip to and 

from fits work, and rocoHoid tliat his lioiirs arc usually reckoiii'd 
‘from hank to bank'- - ;.c. from the luonx'nt !)■• leaves the surface 
to the time he reaches it ajrain - and if we further reflect upon 
the lerrihle waste of energy in some mines from cliinhing down 
and up lieep shafts, il will lie evident tliiit the r|ueslioii of ‘access’ 

( innot he disiiiissed wilhout diseiission. 

The methods of aeeess are.: (1) AValking; (d) nsiiio steps or 
slides; (3) clindiiiig ladders; (4) riding in bneket, ski|) or I'age,; 
(5) riding on man engine; (G) riding in waggons; (7) riding on 
velocipedes. 

(1) Walking. 

Wlien mines arc worked by adit levels, the men naturally 
walk in and out along these nearly horizontal roadways, and' 
when iniiies are entered by shafts the men still may have to 
travel long distances on foot heforo reaching their working places. 
To save all unnecesaary expenditure of mnscniar energy, the work 
of walking should be made as easy as possible ; lot the main 
walking ways bo high enongh for an ordinary man to stand up in 
without stooping, and let the pathway be smootii and dry. If the 
miner has to bond down to saw his head frotji knocks and has to 
pick his way over rough stones and through a succession of 
puddles, time will be lost and energy wasted. Cases will natur¬ 
ally arise in which the expeudilure to be incurred for making and 
maintaining high roadways would he.ont of all proportion to the 
benelits of being able to walk in an upright posture; the men will 
then he obliged to sloop, hut they can relieve the muscles of their 
backs by using walkiitg sticks. 
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(:i) Steps and Slides. 

If tJu! dip of a scam is small, au iticliiiod patlnvav, loadin}^ 
throuf!;li the <'hl workin^^^s if c<Hivouieut, forms saf(; moans of 
aercss into tlm mine, aiul it has iIk* furtlni advantage that horses* 
or ponies oau be bront,dit out easily at the end of earli shift. 

Wlion the inulinatitm reaches 20“ it is well to lure rf'irular 
stejis; these may be cut in the rocb itself i(‘it is luir<l enonuh; 
and if not, waxalen oi’ stone stops can be ])nt in with a handrail. 
A very hiQh dip makes a straiidit line of steps awkward; wliere 
there is sidliciont space Uio dillieulty is easily overeomc by arrang¬ 
ing: the stejis stairs in a zigzag line. 'I'hc tread or height of 

eacji step slajald not exciaul 8 in, so as to avoid a fatiguing 

lift of the fom. 

Jn some of the Austrian salt-mines the men doseend f"- m level 
to leV(‘l, a Yell leal distance of 100 to I'10 ft, by W(>otle« .slides 
inclined at angles varvmg fnan “'O’ to flattiaiing at tlie 

bottom so a.s to reduee tlie vehjeity gradua,ll\ ; the miner can 
increase his sjiecd Ity leaning forwards or lessen it by ieamng hack. 
The aseeiit is by stejis. The Somersetshire colliersona'lnnes goes 
to his Work in a similar f.ishioii, when bo can find an underground 
incline with a slope of 20' to 30°. Sitting ii]>on a sjjccial piece of 

board with a. groove sliod with steel wliicli hts the mil, he 

toboggans down d'stauces of 100 to even 300 jards. 

(3) Ladders. 

Lailders are very largely us(*d in ore-mines all ovci- the w’orld, 
but tliey vary a. good deal in (bll’erent countries. 

The ordinary ladder consists of tw'o ^ides and a series of rungs 
'(stavp.ii, Cornwall). The princijial points that have to he (Muisiilored 
arc the material, the size, and the mode of fixing. 

In this country the mine bidder is most commonly ma<lc with 
wooden sides and iron rungs. On tlie (.iontinont wooden rungs 
are common, and oaR is prefoTcd on account of its dnralulity : 
the wooden stave is often^imuh^ flat, instead of round, so that it 
jnay lust longer, and iron side' ma’' e seen wliore dry rot is xery 
bad. In places wbcrc an or‘iin:iry ladder would be kinxked lo 
pieces by blasting, sucli as the bottom of a sliaft in course of 
tjinking, a short ])iece of oliain ladder is put in; the sidi'S are 
madi- of pieces of (diain, anfl iron rungs arc put in at suitable 
intervals. 

* Infounatiiin huppUol by Mr S. C. Dulni, A.K.S M. 
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Tlie (listatiuo botween the rungs is an 'mportant point. Ex¬ 
perience himws that a (iiataucc of 10 in. from centre to centre" 
is very suitable; ladders with steps further apart arc far more 
fatiguing to cliiiib. 

I’lafforms {suJftrx, Cornwall) should ho lixed at short intervals; 
though our British law allows them to be placed 60 ft. apart, 
the distance c.an be reduced with great advantage to 30 ft. or 
even 1 ss in perpendicular or highly inclined shafts. One side of 
the ladder may he fasleiied to timhor in the shaft by strong 
.staples: and if not, it should be kept rigid by stays so as to 
prevent any swaying. 

The mo.st convenient angle of inclination for ladders is 
about 20” from the vertical. 

Of the two arrangenienls showui in fig. 
248, A is better than B, because it not only 
ailoi'ds a greater inclination for the Ladders, 
but .also renders it less likely that a man 
will drop through the opening (manhole) 
in the jilatfonn (collar) if he loses his hold 
and falls. By law, in this country, the 
ladder compartinent of a shaft has to he 
partitioned o(f from the winding compart¬ 
ment; a hotter plan is to jirovido an entirely 
separate shaft for a footway. 

W'hen a mine has reached a dejith of 100 
yards and upwanls, meclianical apijliauces 
should eertiiinly bo introduced for raising 
or lowering the men, because time and 
strength are wasted by climbing; besides 
w'hich, medical men are agreed that ex-' 
cessivo ladder-climhiug is injurious to the health of the miner. ■ 
Therefore upon hygienic as well as upon financial grounds, one 
of the first thougiits in working a mine should be the con 
veyance of the men down and np the sliaft with the least possible 
fatigue, by means of niachiuory, 

(4) Buckets,, Skips, arid Cages. 

This method of going down and coming up from mine* 
recommends itself by its simplicity, and when carried out with 
modern appliances it is remarkably safe. 

If the nMchinory is worked by hand, the miner usually stands 
with one foot in the kibble and uses the other to guide himself, 
while he holds the rope in his hands; this guiding is specially 



the. 248.—bachieis 
in shafts. 
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ufeoessary when goin:; down an inclined winze with rough and 
Tugged sides, boine men pi'el’er to have one fool in a loop at the 
end of a rope, W'hilst others prefer a special stirrup. . 

• Guidos are coniptdsory in this country after a doplli of 50 yards 
is exceeded, unless the owner of the mines has obtained an exeniii- 
tion from the inspector of the district. In the chapter on 
winding I have explained how guides can be applied to the kibble 
or bucket even in a sinking shaft; but the usual methou of ..'cent 
and descent is by the cage, or some form of guided box. The 
process of lowering and raising i.S practically the same as that of 
winding mineral. Ilules are made defining tlie number of men 
allowed to ride at one time, and generally tlioie is a bar near the 
top of the cage which the men can hold, in case there should 
be any little jerks. 

The British law demands that, in addition to the gu'dcsalready 
mentioned, there should he a cover overhead, so as to pfoiect the 
men from things falling down the shaft. The use of a* single 
linked chain is forbidden, except, for the short cou|iUug piece 
couiieoting the cage to the rope. There must be flanges to 
prevent tbe rope slipping otf tbc drum ; the winding machine has 
to ho pirovided with an adequate break and a piopcr indicator:^ 
and, lastly, there must be a means of signalling iqi ,i.nd down 
from every landing place in the shaft. In some countries safety- 
catehes arc compulsory. 

At mines under tlie ('oal Mines Act in tliis country, the rate of 
winding must not exceed tiirec miles an hour after tlio cage lias 
retushed a point in the shaft which is fixed by [Special Jtules. 
However, this regulation ajiplies only in cases wiiere the hoisting 
apparatus is not provided with some automatic contrivance to 
'‘prevent ovenvinding. In Germany a speed indicator has to be 
■ applied when men are being raised or lowered; among instruments 
. of this class may be mentioned the tachometer of Messrs Schaffer 
& Budenberg, with a pointer which indicates the rate of winding 
on a dial in full view of the eiiginemau. Karlik’s speed-measurer 
not only notifies the,velocity by a pointer, hut also records it 
automatically on paper; the winding engine shown in fig. 187 is 
'.^provided with this appara'ais. 

Winding by the cage is noj necessarily confined to purpcii- 
tlicular shafts. 

(5) Man-engine. 

Two kinds of man-engines aae iu use, the double-rod and the, 
'Singlc-rod machine. 

' The double rod or original man-engine coiisists of two recipro- 
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catiii" nidh, like tlio main rnil' nf pnii p,;, carrying small platforms 
or stops, upon wUioli Hie inon stand. Tlio sli'olvc is from 4 to 16 
ft., nnd t.lio little platforms ore arranged so tliat they arc always 
opposite eaoii otlier at the lieginning and end of each stroke. 

Figs. 219 ai?d 250 lepresciit the rods in the two final jiosi- 
tions. A man who wishes to go down, steps upon jilatforni 
h dig. '349); the rod B goes down and k goes uji, so that 
h is kroiiLdit opjiosite < (fig. 350). Tlie in.in stejis across i'lom 
t to c. the rod \ makes a down-stroke and B an np-stroko. 
Flat.form r is now opposite d (tig. 319), and the man ag.iin 
step.s across; and tlins, tiy const.inlly stejiping from (he 


A 



Kkjs. 219 fintl 250 — 
Douiile • roll inati- 
eugnic. 



Fio. •Jri.-Siugli- 

lod inaii-eiigiiif. 


ro'I IIS It coinplctcs its 
(lowii str<']\i‘, tin' iiiiiu is 
piuhinny <-o»)v>‘y('({ it» llio 
Imtiojii of Ihi' sliiift. By 
roMrsloir Iho jirocoss. or, 
ill otlior words, I'V Nlf'])-' 
piirj; ofj (o Itir i>[»positc 
jurttforiu as soon .is the 
rt»<i liiis (.•oiuploli'd its up- 
stiokc, tiu; ni.m is raised 
1.0 the surlacc without any 
faliiiiio i)oyon<l the viny 
slijjlit ch'ort of Ktciipinjj 
siiloways. Tf eacli rod 
inakos four np and down 
siroki'sof 10 ft. oacli ])or 
minute, the rate of,aseont 
or (ieseent will l>e 80 ft 
per iiiiimto. 

The sin^'lcrod nian- 
eimmo has one rod ejirry- 
ing stops, while fixed plat¬ 


forms are arranged in the shaft ho as to correspond exactly with 


thorn (lig. -51). If a man wants to go down ho steps on to 
A when the np-stroko is coin])leted; the rod goes down and the 
stop A is hi'ought oj)])Osite the fixo'b platform ?f, on to which 
ho steps off. ]Io then waits on /> until the rod has finished 
its up-st-roke. B is hronght opposite he steps on to B, the 
rod coos down and he is brought opjiosito r, where he again 
stops oir and waits.. By roversing the operation he is gradually 
liftwl up to the top of the shaft.- The single rod engine may he 
used by^ men going up while others are going down, provided 
that there is sufficieiit room upon the fixed platforms. It is best. 
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to iiT-vc ■ ■’ ;i.s sliown in (he liuurL-, tlK-n 

the asoondin'r uiru sfep oil' alwav.s tn ihn Icii. for ins; tnic, wlwlo 
tho irvw l.ikn llif li.-in-l s<»lj,iiN. 

'I’iie iiiiui-ci)i>:iin' li:is the mivaiiTinic that it^ ran he safely 
aj)pliod in inrlinrd anil <‘ro(i]<od slmfls. aicl il is cniiveiiieiit in* 
vein luiniriL^ w here tlu’ men iiavc tu u^i'k at vcr\ many dilh rniil 
levels. 

Jiidj^iiiii: liy what has taken phieo durintr Ihe few ye.-s, it 
Heojns 111 .eh that tlie man (a);;ine will exeiUuallv die a iiahira] 
death, and he replaceil )iy tlie bafei and innre eenvenient. cage. 

(h) Waggons. 

\s a ride ihe miner walks from the pit hettorn iu his working 
plae.e; when this distance is ereat, t he m’nu“ is geneiaih i auippetl 
with some form of meelianieai liaula^v- and ihe nuai may l,*e sent 
‘in-l>y<‘* and bionahi ‘*nitl)\e’in nnne wanyons, with th'j ohject 
of oconomi.sino tlieir time and hiisi'aiidint, their strengLli. 

The line of demarcation het.ween ‘ hanlage ’ .and ‘winding’is 
Vague and uia.h iineii. What soim* }ieo]'le call a ‘sliaft’ will he 
design.aii‘d an •ineinte’ hv others: if the d»p is not very sieep,# 
th(‘ men umv he lovorrd air! r;ns<al in \o|iiihs resemhling tlie 
cars on ino'intani ladw.ays, with henehes arranged in Utns one 
ahove the uthei. 

(7; Velocipedes, 

Thorio machines are of service in long adit levels, aiul osjiecially 
for superintendents. 



CIlAi'TF.K XTH. 

DEESSIHG. 

In' ii Jar^e jiiimlicr of cases tli(‘ mineral is not rcadj for sale 
wlieii niiscil Iroiii tlie mine, and conseciuently it. has to he sub¬ 
jected to some kind of special treatment in order to ho lilted for 
(he market. - . 

The processes of treii.(,ment may be classilieit as follows:— 

A. Mechanical Processes. 


(1) Waslihtij. 

( 2 ) Ilawl/iirJntig 

lifcnkhKi or ^h(ipi)i;t‘ 

(4) AivjbniK’raiiou or amwlvlufion. 

(5) Sirciininij or sifting. 

B. Processes depending upon physical properties. 

(6) iMiiHon in water. 

(7) Mat inn in air. 

(S) Desirration. 

(!t) Fusion. 

( 10 ) Magneti'- attrarlii'it. 

(11) Surface adhesion. 

(12) Separation aaordimj tv degree of friahildii. 

C. Processes depending upon chemical properties. 

(12) Solnlion, evaporation, and rrystallisaiioii. 

(11) Alniospheric weathering. 

(15) Cal r I nation. 

(IG) Cementation, or preeijntatioii hi/ iron. 

( 17 ) Aimdi/nwaliun. 

(IG) Disti'lnfion. 

Hi 
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At Mechanical Processes. 

(1) Wasliing. 

Sometimes the minerul coitiiu^^ from tin* reqiuivs to he 

freed Ireiii adiicriu^'parliides oi‘elay, in ordci Lo he r(’tidc’‘is.l 
for sale; at other times, tlie clayey jiarlicles are llie vulmille 
material and have to he .separaU'd fiom uortidcss stos •; and 
thiidly, eleaiising is desirahle m oid<‘r to faeilit.itc sorLmg by 
hand or otlier dressing })^•(;(■e^se^. 



Scall 
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Fig. 2rr2.—Rotary waaber for diauioud-beanuj' tMitb. 

A roUuy waslung^nmuliiiie (fi;;. 252) is emi'loyed at ilip South 
Afripaii diamond luiin's, to froo thp weathored ‘ Iiliio ground ’ from 
the liucst sand and um(J,?uid iua a clean gravel from which the 
diauionds arc Bcjiarated liy suirsequoiit jiroccssps. The rotary 
■waBher is an annular iron [lan A, 8 to 15 ft. in diameter and Id 
in. to 2 ft. <iepi>extern.ally, whilst the innerrimll, 4 ft. in diameter, 
is only G in. deep. In th''»ccntrc is a vertical revolving sliatt 
C, carrying eight or ten radial* anus 1 ), cacli provided witli six or 
seven vertical blades which dip into the mujl and gravel, and stir 
it up as they revolve. At De Beers mine the washers are usually 
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14 ft. in clianiotcr. Tin; htulf is fed n, at Uni oiitor circninference 
l)y :i .slinot, ^•ollling from n siirocu, and tlif inmidy wutor escnpcs 
ovor (lie low inner rim of I lie pan. The teeth or stirring knives 
are arraiiged so tis to briii" the heavy griivel to\v;ii'ds the cir- 
emnferei.™. As :i preeaiitioij, tlie muddy water thnving out of 
tin' vv.islier is run into a siiniliir inin-liine, and is stirred up so as 
to eahili ;i.ny diamonds wltiedi may by chane.o liave esea])ed in the 
first (ipei:d,ioii. When the ])au has been at work for twelve hours, 
a sliding door is pulled out at the bottom, through whie.li the 
gravel falls into a truck luidernoath, as il. is drawn round by 
scrapers attached to the arms. 

(2) Hand-picking. 

Various eases arise ni iiracUee; the useful mineral maybe the 
main ingredient, and the ret use form only a smidl proportion of 
the stniV brought, np from nndi'i'ground, or I’ire maw/. The 
former state of t.liings happens with eoal, whieli is frequently 
more or less irii.xed with shale. The product of the mine is 
carried by a broad travelling hi'lt p:ist hoys and girls or women, 
\jhn pick out and put aside the refuse and lot the clean coal 
pass along. With diamonds we have the reverse. The waslied 
ei.ivel contains an extremely small proportion of the gems, and 
in this ease it. is the valnalile mineral which has to ho picked out 
by the workman, whilst, Ihi' waste is left behind. 

Itctwecu these two extremes are all sorts of intermediate cases; 
the proiiuct of l.he mine may contain tlie ores of two or three 
metals, tind the Iniiipa may 'ary greatly in ricliness, so that instead 
of merely sep/irating good and bad, as is done in the instances 
cit.ed above, the picker may have to make several categories,- 
of varion.s qtialit.iea and various degrees of purity, h’igs. 173 
and 174 show Robins belt conveyors used as picking tables. 

(3) Breaking up, Subdivision, or Shaping, 

The chief object of breaking up the stuff r.jming from the mine 
is to set free t.he particles of the valuable mineral which are 
enehiscd in, or adhering to, particles of refuse. The breaUiug may 
bo done by baud or by mncliincry. 

The hand processes are as follows;— 

Big blocks are broken up by sledge hammers; pieces of mixed 
ore aud veinstone have the refuse knocked off by ‘cobbing’ 
hammers; lumps of ore are reduced to a coarse powder by flat 
‘bucking’ hammers; slate is split by wedges into thin sheets and 
trimmed into rectangular pieces by a long knife, and blocks of 
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freestone err LI *1 with the u\e or saw ; paving stones arc 
shfijHnl by specie] lianintcrs. 

The most important, kinds of machines for brc:iking up minerals 
lire:— 

(a) Jkock ])rrakrrs with reeiprueatiug jaws 

(h) Ho<;k-l)ri'akers \sith ‘ gyniLory ’ action. 

(r) Staiiips. 

{<() Itolla. 

(/•) I disintegrators. 

(a) 'I'hc ordinary stone breaker or rock breaker is a inacliiue 
with two jaws, one f)f \\hielj is nrnle to approacli tlie other, and 
80 ciaek any stone ubieh lies bctwemi tliem. 'I'lie best known 
stonedn-eaker is llie tuaelnno invented b\ J>lake. lU^uiode of 



I’lO. ■25''. —V.lak(^s rock-Ii’-ukcr. nfl iniprovdi l.\ IladficM & Jack.* 

1. M:iiii frame, «>f | " Pif iiiuu M7 K!y wlicel. 

east Steel. . 1" Hr.os busn ! 


2. Cit]) of beariug of 

uiovabJc jaw. 

3. Cap of hearing of 

exieiitric pliaft 

4. Cheek 

(). Movable jaw. 

7 WedgefornjovabU* j'jov 
8, 8, 8, 8. Toggle eusbioiirt. 


il. e,i\'Lr of oil box. A. Kxi tnitrio shaft. 

1-J Itejiiaceiltile plate of li. Drawb.ick rod. 

jail Adiiihtiiig nut. 

13 plate of 0 eotU,r. 

hV(*l jaw, !<’. Holt ot drawliack rod. 

14, H Tog'jluB I''. S[>nMt; «)i iliawha k lod. 

IT). AiilU^!t»tig wedoe. 0 (hotter bolts. 

1». .Adjiistmg totiaio iilock. 


* Figure reproduced by jicnnissioii of lladficld’s Sied Foundry Co., Ltd- 
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Actidii IB verT Bjtiiplo. Wliuii the siwfi A (fig. 253) rcvolTOs, im 
oxcenilie imibcs tlie jiiliii.'iii 2, and by iikmiis of the toggle-pktos 
11, i-l, eaiisc.s the iiioMiblo jaw C to a]i|iio.icli the fixed jaw 13, 
and BO crack any stonc.H lying between them. During the 
elc.-iceiit of Dio ]iitiiiaii the jaw (3 is drawn back by an india robber 
spring F. The jaws are usually Toothed, the ridges of one jaw 
heing opposite flie grooves of the other when the tnaehine is 
employed for breaking stones at mines. If the object is to make 
road melal, the two set.s of ridgo.s are brought ojiposile each 
other. The wealing jiarts, 12 and 13, of the two jaws are re¬ 
placeable, and if lliese castings eainint be immediately rihlained in 
a distant eniiiitiy. it is jiossihle to do good work with flat plates 
of steel. 

(ft) .'\s an example of a. machine with 'gyratory ' action, T will 
take Die Ih'cloii breaker of Hadlield’s Steel JiVmndi'y Do., Ltd. 
(fig. d.'iri.'* It eonsihls of an outer conical cnji lined with man¬ 
ganese steel O O, anil an inner ennieid cemiv I!, filled with a 
mantle S of the same metal 'I'he inner cone hangs from the 
hall P, which is carried hy Die eenlral shaft 1. 

This shaft is provided with an exceni.rie CD, wliieh revolves 
inside Die hollow shaft T, wlien the driving pulley ,! sets in 
molion the jiiniou U and the lievel wheel II. The revolution of 
the exeenlrie. raiises the hollow slial't T, and with it tlie conical 
ceiilre 1!S, to he eonsiantly apjiroacliing or receding from the 
outer cone. Stones lying between the two cones are coiiseipiently 
cracked, and Die ])ieces which arc line enough fail down on to tlio 
sloping hnUoin shell \ Yfi k. The motion of the Rh.ifl, T, and 
inner cone, will he easily nndersbiod hy holding up the end of a 
pencil, iioiiil downwards, between Die t'orelinger and thumb of tho' 
left liam], and then making the point de,scribe a circle upon a 
piece of pa]ier lying liori/ontiilly, nitlioi.t any revolution of the 
axis of the pencil. This is what is meant by the makers of tbi'se 
conical breakers when they speak of the motion of the cone as 
‘ gyrab.ry,’ or say that the. cone ‘gyrates.’ 

(c) Tlic simjilest mode of describing stumps 'a to .say that they 
are pc.slles lifted hy machinery and dropjiing into large luortars. 
In most cases the blow' of tlio'J)c.stle i.s caused by gravity alone, 

A little study of the accompanying figures will explain ttie most 
important ctiaracteristic.s of a modern stamp liattery. , 

A A (fig. 255) are blocks of timber forming the solid founda¬ 
tion, whieli is rcipiired on aeconnt of the heavy pounding action 
of the niactiinery ; B B tlie transverse sills, with the battery poste-; 
C C, the braces K and the tie-timbers I) D form the framowotk 
* RrjireiKieed by p'‘rnii.%ioii ntthe Company. 
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holding the hattcry box F, in which th." miiicrfil is 

pounded Ity any (me of tin' IInc stainjis moving \ip and down in it. 



A. KoltulU hh' ll. 

}i. Hottom plate 

C. SU'CVc. 

D. Worm wlicrl box. 

E. Woi tn wilt'll. 

V. Worm. 

(J, Be^'fl wbfcl 
(b. Kxi'eiitrie. 

H. Bevel pimoit. 

J. Beltplllby. 

K. l-reak pm hub. 
i. i»«st flip. 

>1. Hopper ftii'l rp'kUt. 
rj. Topbhell. 

O. Coucavi'R of Iladtl'-ld's 
patent luanyaiifhf ttcel 


P Bull lu-ann" 

(1 JIi-Mm;,'it'iwii w;i.s1i«-r. 
H. Cii-l steel rijiitlf. 

S M.iiitlf C)t HuiTlleltls 
p.ili nl iiiuii^'uuoaC Steel 
T. lloiluw shall. 

\ Dustniin, 

W* King nut. 

X. Bearing' • a uutfisbi.ft 

Y. 1 ariiK 

A^-. CouHta'ii'iaft Wfiiriiig 
ling 

Dust, collui. 

T^. Oust bleel ectitro for 
iiH-tai liiiitig 


ll.idtlold's ]i!i(t‘iii. mull- 
U.uieac slifl weal mg 
plalfB. 

1. Oentiul shaft. 

2 Tightfiimg screw. 

3 Couiitei bluilt. 

4. Spuler bolts. 

5. WiiJ-piintImlls. 

; (5 M.iiii shaft wcai lug ring. 
] 7 Nutstor lieiiiiiigR. 

I ? WioughtiMil<iu6tdoor. 
. pi Odit steel top hush. 

; n n lute metul hush 
' 1.: Ball Socket. 

13. Break pin. 


G is a pevfn'atcd Kricc-ii or plato wliid, prevents the mineral from 
leaving the mortar until it has heoii brouglfl down to tlie required 


Fi(5. 2r»l -ITu'lficlil & ,Tafi<’s }vit"iit gyritory rock am! cue breaker. 

Z-i 
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dt!;;ree 0 ? fiiiuir«K. 11 is rlie shaft ca/rjin;; cams, wliich lift the 
steins !>v lappet-'; K K are tlio eiuN of ilu* sU'ins of the stamps 
proper; L iS the pii'lev tiirou;/)! which motion is transmitted to 
the eain shaft In' ihe ia’U of the driving pniiey M. >«’ is tlie ^ear 
],\ rneiuis of which the (inviuji belt <!aii he tightened. Kaeh 
stamp pioper, K Iv. ramsisi.s of a tinned rod of iron witli tapering 
ends, oitluT of wlncli will (it in(.o a corresponding iiole in a cast 
iron cylinder hnowii as the ‘head’ (ligs. 25(3 and 258). 



• 0 STAMP BATTtnY, WOOeCN FHAMl 


FiC. Stamp li:i|.ti“rv. 

The eonieul liole or socket in the lioltoin of the head receives 
the slianlv of the ‘sliue.’ winch is made of ea. t iron, (‘ast sttad, or 
forged steel. AVlien wufn, the slioe can h(‘ renunh'd from the head 
by driving a st.eei key into a sh»t above it (hg. -58), and the .stem 
or hltcr is extraeted in a siindar miinner liy means of a second 
slot at right angles to Ihe liisl. 

riic mortar IS shown >'11 a large scale in lig. 250. ft is a cast- 
iron box with an opening E at the buck for feeding, and one in 
fton , fitted with a screen, for the discharge. Fig. 257 represents 
the tappet, a liollow cylinder of ea.st iron, whieli is fastened to 
the Jificr by steel keys and a gib. Tlie gib is a piece of wrought 




DKKSSING. 


249 


iron tin *... \ sin T.ico of tin- hfu-r and capablo of being 

tightly janiined against it when steel keys are dri\<'n into three 
holes in the ta])]>et. As the shaft il revolves, the eiunk ((igs. ‘Jof) 



l'’ies 25*>. 257 iiii'l 25'^. -M’lrtai, MpjK'l, and r;ut( 


and* 2ri8) lift the t.i]ipets, and at the same time cause a slight 
rotuliou of the stamp which '•oudma's li> i*egular and even wear 
The head Jk iMlh its shoe C (lig. 'iftOg dinps down upon ^ 
cylinder of ^ilnilar metal known as the di(‘, aiul it is hetween (J 
and h that tin* mineral is pulverised Hotii shoe and die wear 
away and have h> he clianeisi from tune to time. 

The screens liirongh 
which the piitvm’ist'd 
mineral has to ]iass are 
made of plates of punched 
iron, steel, or copper, and 
occasionally of wire gau/.(‘. 

The punclic'd holes an* 
round or in the form of 
long narrow' slots. 

d’lie total Weight of Ki2:V.‘.— Head uud shoe o! stamp, and (lio. 
each stamp whey *u('W, 

that is to sa^ stem, head,^and shoe, varies from-1 ft) to IVoOlh.s.; 
weights of to 10r>U ll»s. ire c hmuj,. d’lie liemht of the (Irop 
varies generally from 6 to 12 in., and tliero arc 7(> to 105 drops 
per minute. Ore may l»e blaiuped dry or wet; in the latter ease, 
water Cf»nstanl!y flowing into the mortar hov carri(!s off the 
mineral throngji the sena ns p tlie foj’iu of a muddy stream 
know as ‘pulp.’ It is estimated that the. quantity of water 
used in wet stamping is from J to ^ civh. ft. per stamp |x>r 
minute, or 200 to tfOO cub. ft. per ton of ro(ik stamped. 
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«.HI n P‘''' iH'ailiKM liayimistuecosHarilyvarv 

tl,y ' h to tluMvoinlit. of the stamps, 

H h 0 .';'To7 "'ill 

.H.ihip ,) 01 10 loii^ m twi'iitvfoiii' liours. 



Scales 


tui, 2fi0 —KinijiV cMishiii^'roMt, 

('/) Kolls wore introdneed irto the west of IhiLd.-inrJ in the early 
part of the last century to rejjnce ‘huckine ’ hy hand They 
are a pair of smooth, fluted, or toothed evlind.Ts, made of cast’- 
iron or steel, a hi,-h rcyolve iii opposite direci ions, and cnish any 
. stone which is allowed to fall hetvvoei: them 

The oylindeis arc usually from I ft. to .I ft. in dimnefer, and ' 
1 It. to .f It. wide; they are pteiierally kept pressed together by 
levers or springs. " 
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('') Tlie ln'st k. 1 *.:lisin(t‘^rjit'-t’ Is OavrV^fi*;. -fiV,. Ti ni:iy 
De (IcscrilH’d jis «'ousistiiiir of two cvliiidrirn,! (^a^os r'*v()lvjn5; iii 
opposite directioiirf. Iwh ca^^c* is laade ii]» of tAvo (.•diictutric sets 
■)f bans attaclio'l to a disc- on one side and to a rii^ on i ho otlior. 
The stntf wliioli is fod into ilio coutrr is tlivov.n by thn b.us n 
jf the cage X, against the bais 1/ of Uic cage Y , thenee it flies 
igninst the outer cJivlo of bars r <• of X, and finally ajainsi flie 
outer circle of bais of fbe cag-‘ V. It tlum enfers lue •’euin 
ferential K}):ice e, whence if can be alhosed to escape b\ a s\nr.ib]e 
opening in tlie outer easing/'. 



iu eonclusion it will bo well to (joint onf. tin uses to wbieh the 
various kinds of eruslnog nJa''bine'^ iiro aj)i)!icd, vj/,.; 

a. I'rcluninary bicaking . . Jaw brt'akoi's, and ‘gviatory 

bv(jakeis. 

p. Course cnibhiu^ ... . h.olls. 

y. Fine crushing.SUuiips, rolls, mills of vanouH 

doseriyitions, ainl disinlegi'ators. 

(4) Agglomeration or Consolidation. 

Processes of this kind are more (rirtieohudy used in the case (pf 
COid or brown coal, small ciTlilioles of wliich can be (ircssed by 
maoblnery, either witli or without the !vddiLiou of some ocmenting 
.material, inti blocks of fhel of convenient sdiap'-s and sizes. Tiie 
product.is known to ns sis ‘patent fuel/ thongii the Irencli term 
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‘briquoUe’ is likewise afiplied. AgL'leiucmtion is not confined to 
:oal; tine inni ore. snob as is furnished by tlie uiiignotic separators, 
would choke the itlasl furnaces if used alone in the powdered form, 
ind lias to bejnade up into solid lumps. Edison adds a little 
[)itc!i to the powdery ore aiifl pn'sses it into short cylindrical 
‘briquettes’ about 3 in. in diameter and I to li in. thick. 
Wiien ma^nielie coneeutratiim comes move largely into use, briquet- 
ling hiaclunery will play as important a part in the dressing 
pLvul uf sonic irim mines as it does already at certain collieries. 

{r>) Screening. 

Screening may lie necessary for vari(>ns reasons, sneh as 
seenring connninulioii to a given degree of tincness, se[>arating 
small particles disliked by the consumer, and dividing the mineral 
into classes containing fragments of apjiroximately uniform size. 
Thus the screen of the stamps (fig. 25’>> prevents the exit of any 
particles of ore until they have bot-n crushed siitheienlly ; fine coal 
is separated from the more niarketidde lumps; uniformity m size 
is desiraldc in tiio ease of aiilhracite for }';ieditating combustion, 
end 18 a neci'ssary preliminary to ‘jigging’ in the case of many 
metallic ores 

Screens may be flat, cylindrical or conical in shape; tlm two 
latter kinds are known as trommels. Screens arc made of woven 
wire clotli or pnnrhcd sheet metal, or are fonneii by a senes 
of [laralled bars. The llat screen usually receives some form of 
recijirucating or vibrating motion, or the bars of the grating may 
be made to move up and down , the trommels are made to revolve. 

'riu! tlat screen does far more work per sipiarc foot <»f surface 
than the trommel, because the material is spread all over it 
instead of lying along a line at the bottom 

Eig. 2d2 shows a common kind of trommel in the form of a 
truncated cone. A is the feed end, B the cast-iron su{iporting 
ring; t\ E and F an* sieves, L> a sheet-iron plate. AVbat fails to 
pass tlirough C runs over to D and is disvdiarged at 11; what 
passes through 0 falls on to E. Some goes tlirougli and the re¬ 
mainder runs <jji to F. llere-again .some drops through, and the 
coarser particles leave at G. Four sizes are soparatod by this 
trommel. , 

Among recent imf>r()vements in screens may be mentioned 
these of Mr W. W. ik'aiiiiKmt and‘ Mr W. ^Mcl )crinott. The 
‘‘vibromotor’ of the former inventor enables a flat sieve to be 
worked with less wear and tear and with a smaller amount of 
power than the ordinary oscillating and shaking screens. 
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Mr McDermott ’1 is worlu'il imcler 'Jeter; it is not 

unlike s jii; s'lve I’,. ' i ■. sieve is slojuiif:. Tlie stuff is icd on to 
the upper end of the screen, which is lying in a butli^of water, 
and it is snhjectod to pulsations in the water, produced in the 
same manner as the pulsidions of a jig hy a piston iiioviug up and 
down in an adjoining tank. The screen is ke(it from clogging, 
and it does not wear so much us that of a irouiiuel. The work 
of sizing is said to he rained out very etlectually hy this now 
appliance. 

B. Processes depending upon Physical Properties. 

(fi) Motion in Water. 

Where the valuable luiueral and the waste with which it is 
mixed dilfer sufficientlv in spccitic gravity, they may be '■'■jiarat-oii 
by a tmire fall tlirt»rii;h \vatc*r. * 



A piece of galena with a specific gravity of T-fi sinks to the 
bottom more ((uic'.ly than a similar piece of '|nanz,, the density 
of which is only dij. * Nevertheless, a large piece of quartz may 
fall to the bottom as ipiickjv as a small piece of galena. Particles 
which have eipial velocities of f'" •though differing m size and 
specific gravity, are said to he equol-fallmg, or equivalent P. von 
Rittiiiger shows that a S|ihere of quartz of 4 mm. m diameter 
would sink in water exactly as quickly us a .sphere of galena of 
1 mm. in diameter, and these Jwo particles are therefore equal- 
■falliiK'. Consequently, before we can separate properly liy water, 
it is desirable to classify the particles by sizt> so that equivalence 












254 THE ELSMBNTf. OE MINING AND QHARBTWGa 

shall not j^i-cvent, a sop.'iraUon or leise)! its sharpness. It is, 
lU'Vi'iTlii'les.s I rue that, in tho early part of the, fall of equivalent 
}’rams 1l.e nifhieiiee of the speeific t;ravity pre.ponderatOB, and the 
denser partieie'i take the lend ; therefore, hy a frequent repetition 
of ver\ small' falls, particles \shieh have not been closely sized 
liia> hidl he sejiarated. 

'i'he prineipal iiiaehine for eoiieent ratine particles varying in 
size .troiii 1 in. to in. ts the jmger. Tlic hand jigger is 
merely a round sieve wlnidi is eliatged witli tiie orttslied mineral 
and tiieii moved iqi and down in .a tub full of water. Kaeh time 
(hat tile sieve is lowered sliarply into the water, the particles are 
fret to driqi a sliort distance, and tliey graduall) arrange them- 
stdves in 1 i\ers, tlic lioaviest at the liottoin and tlie lightest at tho 
top. On liflnig out tlie sieve the layer of speciiloally lighter 
mineral'' can be skimmed oil willi a scraper, leaving a Liycr of 
tl/o speeilieally lieavier minerals at the liottom to be removed 
separately. 

Aceort'img to eircnmslane.es tlie vultiaide material to he extracted 
may lie l.lie lieavier or tlie ligliter. 

tlie desire to treat laigc qiitnitities wit.li speed and ecoiiomy 
li.is led to the introdnetioii of niaelnnes working conlinnonsiy, and 
the eoiitmnous Jigger is one of the most useful dressing m.achines 
nf tlic present day, botli from tlie point of view of tlio ore miner 
and of tlie eollier.' it connsts of a bo\ or vat divided by a partial 
jiartitiou into two eoinpariment.s; in one is fixed a flat sieve s 
(figs. and 2114), wliieh earnes tlie muieral, in the otlier a piston 
p is made, to work up and down by an e.xeentrie. Tlie vat being 
full of water, tlie raoveinent of tlie ]ii,ston causes tlie water to rise 
up and fall down tlirongli the mixed minerals, biting them and 
letting bliein fall repeatedly, d'lie eflect of llicse frequent lifts 
and falls is to cause a separation into layers of heavy stuff at the 
hultom, light stufl' at tho top, and mixed stuff in the middle.' If 
lead ore in a calcareous veiiistono is being treated, we get clean 
galena at the I'ottoin, clean cale spar at the top, with an iuW- 
mediate layer of inixoil galena and calc spar The conditions are 
reversed in the case of coal mixed witli sliale, for liere the useful 
mineral is ligliter tiiaii tlie__waate. V'licii treated iu tlie jigger 
the coal goes to tlie top and ’ihe sli.ale sinks to tlie bottom. 

Tlie great advantage of Uic mac,bine jiggers is that they readily' 
allow a contiiinoiis feed of tlie stufl' and a eontimioiis discharge of 
the products without any stiqipages The stuff is fed on from a 
hopper placed at one end of tlic naehiiie, or is delivered already- 
mixed witli water. Tho two corninoiiest methods of discharge are 
at the end or through the meshes of tho sieve. 
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With the first fhe hf.avy product lyiuj? on tht^ sieve j)asses out 
through opcnin.^h .it the end of'tlie ji,ugcr, und the amount 
escaping ik regulated by an adjustable shutter wliieh enables the 
size of the outlets to be increased or diminished at ]>le?isure; the 
middle product can bo drawn off by o[)oninL^s nlaffd at a sliglitly 
higher level, whilst the light proiluet is washed over a sill at the' 
end of the sieve at each pidsatioiL Very often a first sieve 
simply separates a eoneenlrate.l product and diseh: roes a poonu- 
product on to a second sieve^wliero a similar s/'paratioij n. eficejed. 

The discharge tlirongh the sieve is specially adapted for the 



Kios. 2t)S and 204.--CoMtiuuoic-jigging niacluii'c 


finer products from tlu' crndier, though it is also used for grams 
up to and even above im in diameter. 1’ho mesli of the sieve 
is chosen so tiiat the particles nirler treatment will just pass 
through, hut abov^ iflic sieve is a layer of s(unc substance of about 
the same density in fragpieiits too large to drop through. The 
pulFsations of the water cause ' «. u'Ual separation inlo layers, and 
the heavy partiides find their wav thniii tlucMigh the bed of 
mineral of like K[>ceitic gravity and drop into the lat lielow, 
whence they can be drawii oflP through a liole as retpiiri'd. The 
lighter particles pass over a siyipic sill at the ciid of the sieve, or 
to a second sieve if necessary. Three or four sieves arc occasion¬ 
ally arranged in a row, if necessary, in one jnaehmc. 
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Anofhor metluA^ of witlj thr :ii(^ of water is to allow 

the fiiu‘ panicles In bo carried douii nn inclined ])lane by a stream 
of water with tin; inclination of the plane, and the (piantity of water 
so re^rnltdAd that the lieavior partieles will settle and the lighter 
one', he washed away. 

A Biinple but largely used m,u-liine of this class is the Friic 
Vanrier, wdiich conjineiifls itself by its contimious aetion. 

It is an endless hand of india-rubber cioiln 4 ft. wide and 27 
ft. loilg (lig. 2(15), sujiported by a frame wiib a ninnbor of small 
rollers on which it travi'ls easily, 
when driven slowly in the direction 
(d the arrows by the upper end 
roller bIkavii in the tigure. The 
small roller liy the sitlo of the 
largo one, wliieh dips into the 
tank, servos for tiirhlening uj^ the 
licit when rcrpiirod. 1’he whole 
frame carrying the belt receives a motion sideways from throe 
little cranks upon a small shaft running paralhd to ith length. 

The stream of water ami line ore is fed on at A, ciean 

water at 1’. The natural path of the ony stream ia down tlic 
; loliiU'd l>«‘lt, but the spceiru'ally heavier particles setlle upon it 
and are carried upwards Those that can resist the action of the 
stream of clean water at il go over the end and are w^ashed off as 
the belt jiasses through tlie tank. Tlic poor stuff falls into a 
waste lamidor. Tlic degree of concentration can he regulated by 
the slofie ami speed of the belt and the strength of the si realms of 
ore and water. 

The Klliott coal w<ishcr* (lig. 200) is a wrought iron or steel 


o; 

v' 




;.-X) 


• -Fnio vaunoi. 



Scale 


Fig. 266.—lUliott (seal washer. 


tnmgli about (10 ft. long and in. wide at the bottom, with 
sides sloping outwanls. An endlcrs chain A I> turning upon 
sprocket wheels C 1) drags a immbi..r of hoc like scr.ijicrs along the 

* From i\ drawing supjdicd by die Tbirdy P.ilcut Pick Ge., of Sheffield. 
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trougl», whilst tliv . 1 fed in nt'^E and water near A. The 
size of the stream of >\’ak‘i and the hlopo of the troug]! are so 
arranged tliat tlic coal is washed down and djsciiargwed at F, 
whilst tlu) Ivuvier shale and jn riles arc dracfged uj) against the 
current and shot- over the ujiper end of the T.rouel» al G. Tlie 
apparatus is (xeecdmgly siniplo, and a f>0-fL. troiiuh will W'ash 
from loo to 125 tons of ctal a day. 

(7) Motion ill Air. 

In eoniitrn'^ wiierc water U se.ucn, or when (he valuable 
mineral is specially liable to l)e afleiMed or earrii'il off by water, 
air may he (‘ui])h.»yed :is a nu’diuin in which <-(ineeiit ration takes 
place; luAvever, jmeuiuatie inactnnea aie not laigely cnijdo^ed 
for dressing purposes. 


(8) BeBiccation. 

Minerals have to lit dried in order (.o g'd nd of inoistuie 
objeclloiiahle to the bu\or, or inferferiug with siihsi'ipu-nt- ojicra- 
tions, yueli as brapu ttmj-, pneumatic eonceiitrnttou, or e<Tfcain 
forms of inagnetie scjiaraf ion Drying niay be e .nied tm in one 
of the following ways:—i'Aposuro to the air, ojien tiros, heated 
floors or jians, stoves or kilns, lill-er presses. 


(9) Fusion, 

A ddleronce betwem tlm melting-point of the valuahlo mineral 
and that of the a''e<unpanying waste in a few ease'' as 

a basis of se]iar<itioit. Sulphur bi'gins to melt at a temperature 
of G. and becomes tliorouglily Ikpiid al 120'; consoquontly 

when suljibnr-bearing limestone is heated, the suljihur runs out 
in a fairly pure state, li^aving the waste hehiiul. ihMcLieaily the. 
whole of the suljdmr of Sicily is ohiamnd by processes dependent 
upon this simple fact. 


(Ui) Magnetism. 

This force was at first used simply for extracting, by means of 
a permanent or an electromagnet, a rich eoneentrat<‘ of magnetite 
from ores comparatively poor in that mineral; it was next 
eroploycd for tlic purpose of Vemuving magnetite from ores in 
which it jilayed the ]):iri of troublesumc refuse, hater, mixtur^^s 
of clialybilc and blende were roasted in order to convert tlie 
former into magnetic oxide and so render it easily separable. 

17 
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TU(.‘ bleinlr whun from irmi boouiuu ru-li enough for 

s;tlf. 

Ono of llic which has hccu l.HL^oly oitiploycd in 

S\\.'<l<n for (i>c |nii|)os<' i.f cinuM'iiira.iiiiii ]HH‘r ijui^netio iron ore 
IS liial oj Wisislrnin (li'^ 

\\ cnsOuiiKs luaLoa tu-srji.ir:!,lor has a soUjouarj olrctro-tnai;nct 
A ao'l a iTvoiviii;- anuaUin.’ Iru'i.'l 1;, cnii-istitcj of a uninher of 
,-oii hjMii bars Ki’[orai/«‘<l by stnjis of wood. The electro iijac:nct 
lu‘s 01 ) one ‘<hJc ‘-f the reiUie of ilio b.irp-], so that the iroit barss 
of lltc annutiiro I'eiaiuui nia'jiieti'.<'(! diiriir.: only a ]tari of the 
ii'V-hii!oti (Ms a tra\ leeilnej me on to the toj) (>f the barrel, 
!i a shoot lor the no>Miia,L!iie[le ielos, and 
K a shoot foj tli(‘ concenn ife. The maonel.ie 
oiains adh''i'<- io tin* sof< iistii bui'^ when these 
.('•r near the t“lee,iro-)n:i.,::^net. and arc earned 
o a,' the bai re1 i\\ol\(u-v : but. as I.he bars 

lecedp from the oirctm ni.mn'-r. they lose tlioir 
)io\u;r (>{’ :t.f traei.ti>n aii-i let (he iron ore drop 
into M. 

Wetlieeill’ WO' the fii'-'l to point mil. (hat 
ina'/neti^in i-ould It ^uoee^v^li{l_\ iistd on a 
conniK-ri'.iai ^eaJe io»‘c\t raeting mineraltjhithcr- 
((» coitvidded .as non'inai^neiic <ady feebly 
n.nirnoi le. Anioii^ these minerals may bo 
mentaoiir [ speenhir iron, red lia'mal i(e. brown hivmaTin , lazurito, 
ImntKiij-h'na/, eoppov pvitc-s, fali'erz, zinc l»lende, monazito, 
woUram, apato.-j .md fi'rnminons minerals sneh a,siiii(a,, iiorn- 
blende, stapontine, iTbe^tos, eie Tlie priiieiple of ,il) liie Wcrhc-rill 
iiLiudnnes is the piothielion of a m.ienetic tieid wnli such j)o\verrul 
lilies of force 1 b,it ''V(‘n fee!jl\ i-;:!.<riie(!< Mibstanei's an* attracted. 

\arions arrangements have 
iieeii and arc in use for the pur¬ 
pose A maehiiH' emfdoyed with 
^neei .'.s in (h*rmany for separating 
sp ,11 hose I iron from zinc blende 
ha.' Its ma;;iiets arrangedaHbhowu 
in fig. 207. A mam pole N in 
the middie has i,\vo poles S and 
S at Uie sides v\irh the object 
of giving a long rnauimtic field. 

I’lg 2ii>' exphiins how tlu- worh 'is carried nut A large electro- 

■» 

* S''!in''lh‘, ‘•Dll* loo Is'^le n l-'.•i.-ii ihoo Dchiom dor miignotiH'hon 

Ainhooiniiie/’ V('iii>rn-'hi>ith ,< dt'i ram-K tiir Bi'fonhritif.i (■<.% flewnhfIctsscH, 

m Oct., iyo2. 




N / 

/ 


J-’m •Jio.—M.iioi'-i ‘>1 (>i)o I'i ilio, 

WftiuM'dl Mpar.ii'Tft. 
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magnet- hai- it > g -sluqH’d ik'Ii’ chMox-fl Ijetwcvn tlu‘ (\v».) poles 
of a [ficee v^f wrought iron, corrospoirlDig t-) IS aiul N nf lig. 207. 
Wlieii a curroni. {ia>srs tlin)agh tlio ooil, a poweifiil^maguoue 
field ivs goiieralcd where the ti»n'C eth-’CS come togetjar. 

The ore coutamed in a lioppei is fed lo a rexolvjiig roller* 
on to a boll 11 wiueh pu'''''s arouixl the fwu rolh r.s, and fs drtveii 
in t/he direction of the arrow, d’he rnllor J?. is soarnnea'd that (,lvc 
holt Vliseharecs its eontents within (he niagnetie field. Non- 
luagnet.ie- particles drop at oiiee. hilst the niagiietie jiarneles are 
earried towaids llio pot s and would stick to them were it not 
h*r the. hidl 1», levulvmg ronn'i ihe two roller.s N and M. I'he 
luagneric parthdes travel a ht.tio \v,i.y with (he hell and tinally dro]). 
hy ariMiigin. suit.dih. j»:trlj!ion'' it e.HV to make tiirec' pmdtirts, 
vj/.,, clean '.paih so ’loll iallmg In (lie left hand eomparlnuait, 
blende m the right han.l ..ne. and a maldle pioduct l>ef' ‘ c;i them. 



V'-o gas,—Wrliicnl! niagia'lii' x'paraliH. 


Several othe; (oiin.'i of Wn-theviU M-jiaraters hih' made, and one 
of tiiein can h(' empiloy* d for ores in the wet. slaU‘. 

In a similar manner hh'iide or e-opjaa- ore ma\ he se])arated 
from iron ]>\riles, hlonde irom copper ore, garnet^ and iilaiue. 
iron from diamonils, wolfram froju tin ore, ami immuyiu' fiom 
quartz. 

•(11) Surface Adliesion. 

It is oij1\ within ihoJiif?l "ew ) vs that this piopeUi has heen 
made u»e of m dn -vsing, hiaino.ids jln'k l'* guaso inoic readil}" 
than other niinerai.'>; conseijinmilN d lla* e<incentratf' fioni the 
jiggers containing diamonds, garnels, znvoii'', liistlnme, ilnij)>ide, 
enstatite, magmaiti', titani.-»n<in, pyrites, oliviiw, ete., i.' washed 
down an inclined plane eovi.rotf with a thin ia\er of gre.ase, the 
diamonds adhere and the olln'i luunrals are wa'^hed oti. This 
process saves a large amount of handpicking. 
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1 bolievo ^^r. was Ujc iiist t> poiut out that petroleum 

slicks to ijiuiv ol' tiie inct.illie ores and not to earthy minerals, 
and llj.'it'a svslim of ctincenlratn^u niav bo based u])on this 
property. Tli« pioeess was inijinived by Klinore, who, using an 
excrs^ of oil, lloaied the eoucontrales to lln* hurfaee of water and 
siilKt'ijiu'inly se])!UMte<l ihem fi‘<iiii the oil hy treating the mixture 
in H <‘enlnruoa] drier. Tiiishas been snj)erseded by the Klmore 
\aeuij>u proc.css, a sniaU quantity of oil bein<i used and tllo air 
hubbies released from water, iindm- a partial \aouam attaching 
theiusi'h'os in t.lj(‘ oiled sulpliidt's and fiiialiiie (lioni to tiu* surface. 
Tie' reparation is ('Heeled i\i a ehaitd>er at tin' l*q) ()f a. si]ilion, down 
the long leg (»f whieh the tailings are eontiniumsly delivered. 


( \ 2 ) Friability. 

Sorip^ minerals arc more easily crumbled ami reduce(l t<» pi^'der 
tlian others; and if the dilleicnee in frialillity is great, it is 
possible after erusliing to etlect a Be}>aration hy a meic process 
of sifling. An instance of this r.tn^ melboil of conct'nUatioii 
• K'cuis at the grapiiite mines near I'assau, in bavaria. The 
oM'fter kinds of mineral obtained from tlu' iiiiric are ground in 
mills, when the thin greasy ''la>tic. plaU's of grajiiiitc .irrangc 
themselves parallehy to tin' surface of the Mones, und preserve 
tlieir fiat sliape, wlnle jiicees of more brittle minerals are reduced 
to the state ol fine powder. The ground product is sifted upon 
line sdk cloili; tlie dust, poor in grajihite, passes tlirongh the tine 
holes, but the scab's of graphite are left behind. 

C. Processes depending upon chemical properties. 

(!::) Solution, Evaporation and Crystallisation. 

Proeesses of this kind arc employed hy the miner with minerals 
such as borax, nitrate of soda, potassium salts, and common salt, 
wliu-h are soluhlc in water. 

^s'ltrate of soda is freed from the earthy matter with which it 
is contaminated hy throwing the into water, diawing off 

the solution and eva])orating it until it crystallises. 

Tiie extraction of gold by a solution of cyanide of jiotassium 
nuist lie regarded rather as a metallurgical tlian a mining process, 

(U) Atmosphonc Weathering, 

When exposed tq the atmosphere certain minerals and rocks 
’ gradually disintegrate, and the crumbling up may set free valu- 
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able constituents wjiicji were previously tigiin^^ sliut up in an 
earthy shell, and so facilitate their separation by ivbseqiK’nt 
processes. It* is especially in the caso of dianionil bearing roek 
that a weathering action is carried out on a scale and in« 

a very syatomatic luaiiner. Tiie rock as it <*oiiu*s fioiu tiie nuiiCs 
is spread over tlie ground and there left for luonths cx])os<*d to 
the atiuos[>here; the lloors laid out at Kiuihi rl(y hir tre:« n g the 
‘blue gnunid' of tlie I)e IJecrs mine oeenjiy some llioosaiids of 
acres. After being left some lime, the Mdue’ is broken up 
by means of picks into jiiercs not larger ilian 4 inches euhi*, and 
is again left lo dry for a, fiirt-her j)eriod, until most of the natural 
water has ovapurati'd. The artihcial ‘diamomi tic'.d' is then 
watered, to aid tlie disimngration, and lastly harr«used and rolh-d ; 
in fact, the miner endeavours t-o hrin^ ahoui (In! pulverisation some¬ 
what in tlie same way chat the farmer prepares his land ior*tillagc. 

(15) Calcination. 

TlTe object of calcination or roasting may be: 

a. do ert’cet a change in tlie chemical c(>ni])osition (>r a valuable 
ininerai, and so pro<iue<' either an orilinary article of comnimcc* 
or one that is more readily salealde than the raw' malerial. 

5. To elfoct a change in the chtanieal composition of some of 
the suhstanecs accompanying a valuable mmeral, and so get rid 
of them or render them more easilj' soparabh' by otln-r ]>roeesses. 

The commonest cxam]»lo whieli can bo cited is burning lirm*- 
stono; the action of lieat is made use of to drive of!' the carlionic 
acid and leave quicklime. Anotlior instance is furnished by el:i\ 
ironstone, or any on' in \vhi<di the iron occurs mainly in tlie form 
of carbonate. Binijde exposure to heat converts ferrous caibouate 
into magnetic oxide ; the former contains 48 }>er cent. (»f iron, Iho 
latter 72 per cent.; consequently, if the ore has to be sent to a 
distance there is a saving in freight, besides wlncli tin' ore is more 
acceptable to the «ronmastor for his furnaces. 

(lypsum is calcyit^l in order to expel the water chemiedly 
combined witb. ‘'■iid c< ny;'rt it into jila'-fer of Pans. 

Partially concentrated tin ore ( r,r/1s) i.s roasted in order lo con¬ 
vert iron pyrites and misj)ickel mio pulverulent oxides which can 
easily bo separated by washing. 

(1C) Ceiiientation. 

The famous old Parys mine in Anglesey ^fford-^ the most im¬ 
portant example of cementation carried on^ at a mine lu this 
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cdiinti V. (Vijt|K't‘y is Luinjpod out ol- tiic luiue, aiul is led 

niUi l)n>-kJi!ie<J |Hls (uiiUuniiii^ ir(»n. 'I’lie iicm is ralv(;d over 
i'roiii 1-uiu' to time. :uid oA'i-ntuanx ih-j old puts, lu-'ttlos, shovels. 
uH'.il tin'-, p:i'<s iiiU> Mi|ufi-*n, while Ihe eopjior is precipitated. 
The iron is iio{ if>s(,; tie- fei'nieiuous solniion ruuiiino away 
fr<‘Ui i-he precijiitiitiije-is h d mio h\v^\<' po<>!sj and there cx- 
[joM-d to the luhioii of th'.’ au' and ram. The dissolved Iron 
'jradualiy p,tss(‘s to a hiuli'a’ stiue (dd'Mdation, pmdu'-iir^ insolulfh; 
ochres, and iitile by little a deposit of tiiis suh-taece fornts a])oii 
ilic botioiijs of 'Iw hpe; p tuds AeiV/iilniur (lu; streneih of the 
irony sohilion sajuhed, tie' ]irmds ai’e nm dry iiud ideared out 
once in e\ery iwo or three iiixnitis Wind aii'l !'a.in aiil the pio- 
cess ol oxidation. 


(17) Amalgamation. 

tJold and •'dver are ofton ei^lrard-si from liu.ir ores hyanud- 
L^'Uindiou, that is to ; ay. Ip proei'>,^es baseil upon tlieir athnity for 
inere.'iry. In flu* ease of sdwr ores ih(; processes aio often'com¬ 
plex. and rcijuire tlie sulphide .iii'l oiher eomp'>nnds of the 
'preeions metal lo he hroimht into the stale of 'diloride liefore 
anui!t;amriTi(.n is pos.dl)le; conMMjueutly the ireatnient of such 
OH'S hehiiios ratlier I'l the smeller than to tlie miner. On tiie 
other hand, with native oold the prore^.•< is mnierally simfde, and 
the ore pmes slraielit from the pit to extraction works. 

'Ihe am.dgamat.joiMif o-ohi l.dtes [d.ace hy mere eoidact, cither 
when the particles t(-nidi tlio merenry .as they slide or roll aloni^ 
ill a current of waler, or when thev arc in some wa\ mechanically 
rnhhed airamst it. 

I'iie ;:old-bearii!^ uravcl washed down i'.y the hydraulic process 
Hi':, luj) is conducted into loin_r troiiahs witli a movable pave¬ 
ment of wood, stone or iron, so arranged as to create eddies. 
Those may suflice of themselves to collect the gold, hut tho ex¬ 
traction is often iiided hy adding mereurv, for the p.'trlielos ofgold 
siMured ]>y the rush of sandy waler aimdgfiinatc wnh the quick¬ 
silver tlie moment they touch it. 

Where g(dd quarlz is stan*:ped the ]>rocess is somewhat ditl'crent. 
The pulp discharged through tlie grates of tho mortar bo.x ia 
allo\ve<l to flow over au meliiied table, covered vvitli a sheet of 
copper which has lieon amalgamated. The bright silver}' surface 
is then cajiable of picking uji Ihc^Utlle paiiii'les of gold in the 
pulp and retaining ihcra in the form of a coating of amalgam, 
wliich is naturally thickest where The pulp comes upon tiie 
table. Wlicn a sufficient thickness has accumulated, the amalgam 
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IS scr{i]H''I (tFr’ w.. ’ ‘ fui\(“il fresh quirksilV'r, \\a<h(‘il 

will) \vater, and iitially t,uee/.('il tlinniL-li cjinvas or '■luiinois 
leather. Tho^ liaid ani.d'juti >,o ohlaliR'<l i.- distilird«i, aiul ilio 
spongy [jfold rchiainmi; m liic uiort nu-hed mrl ca-'l. iido 
ingots. 'I’lic luercury i- fxndi’itsi-d ;,od m'-d over a^.nn. 


(i'^) Distillation. 

It may 1 m^ said lliat dislillation 's a pnicl\ pli\si'-ai pnx'ess and 
consi'qncntly sliould {ia\o hfaai ik-alt willi under tin- previous 
sicetion. Thi^islriie M' oiio is (ie.diu^ sohlv witii thu (M ''0 of a 
cliaijoe froni 11)0 liquid iitlo (he o.ivous stale w’lh suli'.eqiKUit 
coixlensarioji , hid ihe liiovt, iiiiport.anf iu'-i.i.nc'of disi lilai lou :it 
uiiius is IK'!, of lid- elas"'.. I'ok.ug IS a, jiroces.-! ol dn; ill.dloii in 
whieli liie api'h-aition of heat eieates siindrs «omj.^>^lld^ whiei; 
picvioii^!_\ did not e\i,sf m tin* coal ; the sa,uio nia.y lie -.nri in tin' 
Citse or od shale. Wjudher these pnxasses of (lestnielt\a' (hstdia 
tion slio'dd i)f' le^'.irded asKitl.in ••r hevond (lie diaiiain of tiie 
minvr is a nniler uf o[UMon . they ire so freqneniK earned on 
near Uh’ pit lop .nnl h\ the jMO[ir)etoi of llie niuie, tiia.t Ihi' 
student wlio is dedriais of i>'dne aeqiiainted n’il.li ail lla* i.perations 
whicli a Ttiining eii-_;ineer soineLinies Itas to siijurnitind. eainioi 
aflord to ignore them 

The conunoiiesl jinihoil of making coke is hy beehive ovens. 
As the n.unu ns. these are ovens in ibe ''hape of the straw 
skep or )uve for hees ; they aje’ahoid 11 t(» i*Jit in diameter in 
the bottom and 7 ft. 0 in. to 8 ft. hu!i. The Hour is eiiaieed witii 
a layer of eoal about b ft. thn-k througii a sale opening whieh 
is afterwards bnili up; the w.irmtii of tin* w.dls fn-ni a previo'is 
firing soon drives off ::a.s whi<di jeidt. s wiion it gets into tim flue. 
The top of tlio ovm tlius hceomes Idled with linnnng gas. and 
the,heat so ]irodueed diT'es otl more xol.ddi. mailer; iliis m its 
turn burns, and l.he pio'ess eoes on wdfli nieie.ising vigour until 
nothing is left b.hmd but eoke. 'i'iie dum is timn pulled down 
and tho eoke raked *1111 and quenched with w.der. In lids old- 
fashioned proeessall the volatile inalter !'• burnt and serves no 
useful process heyoiKl rmanshi lii-al, of wlmdi ihc supply 
obtained is more than sidlicien:-. In order to utilise tho con¬ 
stituents of tho coal to greater udviintage, coking is often per 
formed in tiro-lirick ndorts from winch tin; volatile matter is i(?d 
into appliances for rolloi'ti.i* ammonia and iiaj'ldha After these 
Lave been extracted, the rosiil^.ial gases arc availablt: for woiKing 
gas engines. 'While admitting that tin' value (>f tho products 
obtained is greater than with the hee-ld\e oven, the mnic ownei 
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' # ' 
is often iinwillinuf to alnunlon tbo oM and for two rcn-sons, 

Inrst, the (tiitlay lor a new ])lant and tiie nplvC'op arc consider¬ 
able ; anfhs(: 0 (tMilly, ilie oohe is not so easily disposed of, as it laohs 
certain outward eharacterwties of the l)ee-hivc oven product which 
cpurciiasias reiraS'd us yn indc'? of quality. 

IVobaidy tile pre|udice against the nevw'r form of coke will soon 
disappeaf in tins coiudr\ as it has done in 'Jermaiyv, and the bee¬ 
hive 'j\cns will he su[a,'rseded liy (he more (‘cononiical retort- 
ovens. 


Application of Processes. 


'1 h(‘ series of processe.s employed hy the miner in })re|)ariTijt his 
prodnee for srde varies imt on!\' aeeoi’din;^ to the nature of the 
parlieular mineral, hnt also aoeiinime' to the ^ize of it.s particles 
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and the nature of the other mineruN witli which it is associated. 
Space will not ;ahnit more than ilie bncfesl ontliue, nor is it 
necessary in an eliunentary work to enter imo details. 

.^7W7;/r.—Arserneal pyrites, mi\rd it may he wuti tin or eopper 
ore. is roasti-d in re\f'rhera.tor\ niinaces, mid the hot ea-ses are 
eondneted inlo hviek ehainhers, tiie \\;dls of which S'-on hocomc 
coated with layers of solid at^enious acid.'/V’he erndo arsenic 
reMiJlm^ from the treatment of tin ‘whits’is nsuallv of a dirty 
jijrey colour owinu^ ff) the admixtUK' of solid earhonaeoons particles 
depootod by the smoke; q ).s spoken of as ‘ arsenical soot,’and is 

sold by the miner to the works wlu'rc it can he piirilied by being 
re hul'limaled. 

C-a/.-'llie extent to wUieli eoid is prepared for the market 

* Iwi^'hlev, fVike.mitkhii; at liio Oliver ('oke-woiks,” Trans, hint 
M.E . vo| xx'i , 190.', iv.'49;k 
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varies j^really. *j)ro(liJcfc of Wio jnino ina\ bo rojuiy for sale 
after jl has Mn;piy passed uvor a sereeii to l-Jike- out titc small : 
and on the other luind, if Mit(‘riuiu-j:Kd uitii inueii shaV* or pyrites 
it may retpnro to undergo an elahomle ^(‘ries of erushing and 
washing p.rocesses to lit !t eitlier for llu oven, or tiw 

bn(piettij)g plant, d'ho l>i-o\\n coal of (7emiaM3s eouf inniig al'i>i.T 
50 jior Cent of \\ater, has to Ik* dried in special kilns betr>n‘ being 
sent to the briipietting jiiesMis ' 

Anllnacitr, dressing IS nieiely an elaborate sysloin of sereening 
after the shale has been pieki'd out. 

Coi>'p>^r Ore, - (’opfi.-r ores aie treated by erushing in rolls or 
stam]‘s, sV.mg by tiofninels, ami ihen jigging and huddling; in 
tho case of some of Die ores whiidi are vitv friable and easi!\ 
earned ;n\ay tiy waUT, lumd-pjeking is ctuployod to a greati'r 
extent th.in with h‘ad and tin or*es, and the ennchinen* hy water 
is not earned, so lar on aeeoijiifc of the inevitable loss that wouhl 
ensue, d'lu' aniouiit of eouc(-iiU'auon depends upon the bi.'.tance 
from the sundting works, anti the mine-owner has to cahudate 
wli^'Dier it is 1 m tter to i:et a, low ])iiee for a largo quantity ol ore, 
after paying Die ra.inage, or a litglKU- price for a small lot, when 
due allowaiiee has liemi made for the ef>st of dressing and tlu’ lo^s 
sustained in that process. 

— Tfie dressing of the diamond-hearing roids ^)f 
Soiidi .‘Vfrica may ho divided into Uu: following separate opcia- 
tioTis:— ' 

a. N.ltural di-'iniegratupii under atmospheric agencies, aided hy 
watering, rolling, and harrowing. 

h. ^Screening in a revolving screen, witli holes 1 incli hy J 
inch, or 1 inch hy 1 J-, whicli takers out coarse lunqis; those are 
returned to the dcjuisiting floors to undergo tiie weaDicring pro 
cess a litDo longer. 

c. Washing the fine in rotary pans, which siqiarates clean 
gravel from the line sand, and mud; tho latter How’ into .inotiier 
similar washer, where the pr‘>cess is tvjieated in i-ase any diainuiids 
should have eae:ipc{iih the overflow from the first. 

d. Preparing the elean gra\ol for Die ‘ [lulsators ’ by dividing 
it'into live size- by nie.^ns of a -'Hahle e}luidi-ioal sie\e. The 
largest grains discarded by the :-iec(‘ are pieki-d coi-r at once. 

Treatment in a ‘]mlsator,’which is simply a jig with con¬ 
tinuous feed and discUar^ie lik<‘ the Jfartz jig.s, ^J'he hod is 
formed of leaden bullets, zVeoueentrate, containing the liiaiuoiids, 
passes through the bed, aiifi refuse goes over the edge of 
the jig, 

f. Picking out Dio diamonds hy hand. * If the eoncontrato ia 



26G TUK EI-KJ^EiNTS OF DIKING ANP QUAnUYING. 


pasKO'l I'Vcr ^riast* taWes, a cort^idonil'lc’ an^ouiit of liimd-picking 

Kuvcd 

P'o/</. “ The precious nirlul m.iy l>e e>ifr;u‘i(Hl r»H)ni fjiniple sand 
and ';'av{ [ Py a'^diiit; waP-r .ind idlowiny tlic oLreaiii h< run jdoutr 
f-j''viailv dosi^^ti'Ml Ivuu^iis wiilt cjr wiGiout riKTcury. Wluii y;old 
IS «‘Hihisi‘d in lurd nx'k. ;is qn.n'Lz, or oriuiis in a h.ird 

coii'j;louiora*t\ lio; aiinlrroub sLoue has (o iK‘ cnisliod in order to 
set thd iiu-t.il free. 

The ernsliuiL^ is mosi-iy eHerp'd ly slone-liieukors .nid stamps, 
and inncii of tlu' met;*] is then eniLiilit hy passing the })nlp over 
ainaiganj.ited eujipt r plates ; ^\i!a^ (‘seajx’s is passcii ihrougli elassi- 
fiei>. and the variuns ]uodiit t.s are eoiuitiouly tieited by tlio 
cyanide proees-. Tiie L:^!ld ina\ also be (’Vtr.ieird froin ihe 
coiiOA'nlr.tb'K by ehlnnn.ar*n. 

Iron , ^Vilh a substamv of small intrinsic \:dur bte iron i»re, 
the nu'.thods (»f lire^snar mnsi he nic\pens!\r if tliL_\ are to be 
eomiuerrialiv’ jtrofllabie ; mi'i ii nuiy 'he san! iha,! oi' l.he iron 

nf to-dav iy '•btained fruin nn's v lii-d-. godinct u, fhe .'.nielter 
without any jireparafion iu'ynd piekinu'out, Uie lic han<»l at 

the mine or.^nairy. ('aleiiiation. as already iiuted, i- employed in 
Vie cas(' of the carbonate. Iron 'Oe i'' soiia timrs uadied in order 
to get rid of adli'-rent clay, and <at ilie mini's of Nojih Lancashire 
some of the liienmtite, mixed with ckp\ and .'ibacons matter, is 
inado lit. for (hi- blast furnace by ernsliing ami jigeing. 

!n this eoiintrv the snpplv of magnetie, nnu is nedgnineant, 
and conse'inently we cannot slum e\<tm])ifs of e'Sirennatiug hy 
the aid of magnetism, auch as may b(‘ I'onud in Sw.-den and in tlie 
(initod iStat.es, where Ihe nietdiod is occupying muidi attention. 

Much of the lead ore from veins is dressed hy crushing, 
smug, and jigging; the particles under 1 min,, or at all events 
under tI mm , are treated hy rev(>l\iiig tah’ey. peiv.usMon tables, 
, endless lielts, or buddies. 

Tile crashing is done first by a stone breaker and tlien by rolls. 
The crushed ore is elassitied by revolving screens and the re¬ 
sulting grains are coneentrateil by jigging. <]kirtieles of ore with 
adherent matri.x must, lie re-enished, sized, and pgged. The finer 
sizes arc cla'^silied hy pyianndal boxes and coneeulrati'd by frames, 
rotating tables, and buddies. 

Pho-<i>hatf' >'/ /vmm.—The varieties of this mineral are so 
numerous, from tlie hard eomjiact apatite of f'anada to the 
jiulveruleiit mineral from the Soinm€ di.strict, that-the modes of 
treatment mnsi necessarily lie exiremcly dill'orent. Very often 
there is merely a preliminary wasliing, followed by drying and 
grinding ; tlie Ruely grouud mineral is then put up into sacks 
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ready for tlu* Ju oiIkt (^isrs t.iio miiK’i'satistios liimself 

with iVTnoviiig alJ wasto, and l'‘av<->. to <>t!uT}K'-rs<>u« ^u^di processes 
as nailing or 4 u:amifacr.ure infn sap''rp]ii'''j»liafo. * 

Qjii('kdli.-‘>\ — Tli(* gitul mtnii-ic, value oT j,i{ui--k^:]\('r ore 
etiabh'H handpicking to if (-uin'd x>n iVnii r ih.ui would h^ 
comp.itihli' wUii :i luiiuT.tl of htth'worr.h. A'- Idiia ilio loss of 
niorcMM*}' was so uvcat. under tlu oM Mstcin of wet dri'^sing, in 
spite of iUi- liigli '[leeill-- gravity of ci'.inii-a", tkat lln'- ^leil)l>d 
was gi\a. 11 lip some 1 iftv years ago. X .\vad,i\s. tu* po-paraliou 
f<ir smelting is done suicly hy crn::,hing, -j/iiil’, and hand¬ 
picking. , 

Sufi ,.—Itoek ^alt. may he sold wMhouf .in\ irealmenl., or may 
bo prej'ared for the maii\<-t l>y cui^iiine: a saleiddo jux'duct is 
oblamcd fioiu b'itic by .suuplc evapaaiion. 

Sih '"}'.—ddie ores ol «il\-'r may be iivahal into l\\•»ydasse-^— 
silver ores ]HMprr and aigi'ih if-a oiis h ad and eopp(‘r oivs 

Many o!' ilu >d\er mmends ate a'or\ [liable, .ui-i an iialile to 
bo carried. otV v.itli the refuse, if --ubjccfrd to llie ordiaat_\ wot 
di^ssing p!-ov-ev^('‘;; the preparation oi sindi on‘'- tr the muK- is 
gcuoraiU liniitid to criisliing, ni.-king, and TJie luinei' 

tiien uli'U’ate.j lo ollicrs Mu- l.isk of t xi rae.i mo the precious nu^^d 
by nictbods 1-ased U[ion its alliuUy for «[Uj<K'>d\er (>r luollcti lead, 
or upon the lea< lung propel lies of certain salts. * 

Aigentiferoiis haid and copper ores ai’i* <'onM-!itra,t«'‘d ip tiie 
processes in \ocuc for the iiasor nu'taU: if ibe prooorhon of 
silver is lat;je, a g'caler aniouni* of laiiour may be expended upon 
hand-pickmg .del cobbing llian would b'- peiii.issdiir willi .ires of 
lead and copper alone. 

Slaft '.—Two ariuik's of 4•o!nmoree aie made at (lie quarries: 
roohng-slates and thick slaiis used for civtcms. hiiliahl tab]c•^, ;tud 
tombstones. Tlie slate arrives at the suriaei- in the foim of large 
blocks, often, weighing two tons or move TIicm- .aix- divided by 
splitting into slab^ alxuit 3 in. Mm'k, wdneh go (o the sawing 
tables. The circular savva cut uj) the slabs into pieces suitai'lc for 
the Operation of null splitting : by liie earefui and (hvlerou.s uses 
of bis werl^e and nudict, the qua,ri \ man is able lu .vpi'u tiie slab 
into thin sheets, wliieh at Fostur ' ojien do noi c.\. e>‘d \ m. in 
thickness. Thest* have to be iiiinmed, gener.iilv into a n-etangular 
form. 1’hough tins operation can !h\ and often us. piu lormed by 
band, it is more common to use some kind of kniu worlo-d by 
mi»chin»*ry The slates mV Muai sorted by hand according to 
tlieir quality. “ 

The slabs are lirst split out of blocks, ay<l are tinisbed by being 
sawn into shape and planed smooth l»y macliinervo 
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Siovp. It is iii»possibl(* in arxih^incntiiry treatise to enter into 
any details conernnii^ the pre})aratioii ot st<*ne at imiiQH and 
♦piarries >lnino stone is shaped by hanuneriiig into paving Vdocks 
or ‘Mils'; nincli is ernslied by stone-breakers and sold as road 
after r('nio\.il of the fine by screenin;^; freestone is 
sawn So as to -suit the bii.l'ler; flags are obtained by splitting 
luie.aecous sandslone alone; tlie ])l:ines of la'dding and triinining 
the edi,es; aiul, l.tstly. gnniliid.s iiro inad<‘ from ihe well known 
nodules by fljc dexterous chipping of tin* ‘kn.ipper.' 

SnJ/thur,- This oleinent is oi)lained from tfie rock, vvhicli co)i- 
taniH It in the nativi-state, by simple Injuation in a kiln of some 
tind, Jiiionnittent {ralrfmmf') or eontimions ((blVs furnace), or by 
lii|natiou in steani-bciLted cylinders, or occasionally by ilistdhition 
in iron lotorts : this last process, which was at one tinio praotisod 
witli riehg)re in Ihe Ibmiagiia, is now almost entiiely abandoned. 

Tin .—Tin bearing rock is cnislied by the r'tone-breaker and then 
starnpoif line. Tin* pulp is vnn over Fruo Vannors, which furnish 
a [ireliminary concentrate I'rr/n'fs) containuie the tin ore mixed 
with iron p\ rites and arscin- al pyrites if tbesc minerals are jiresunt 
in the rock, boasting in a furnace converts tin* heavy sulphides 
iiy.o pnlvcrnlenl oxides, which ar«5 easily got rid of wilh the rest of 
the waste by huddling and framing. Alluvial tin ore is con- 
centraled in slnico-boxes and soriK'tnnes by jiggers, after a pre¬ 
liminary treatment in a puddling machine, if there are balls of 
claj' which liavoto be broken up. 

Z/Vo'.~( aianiino has someUmer, to be washed, in order to rid 
it of clay, before it is crushed and jigged like h*ad ore. Blonde 
is dressed in the same v\ay as lead (prc. and is (tften obtained from 
one compartment or portion of a dressing machine, whilst galena 
is being discharged from another. 
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LEGISLATION. 

It may a))|iC‘ar straiiu'c to sumo poi^oijh tijiit llu: doiiiciitaiy 
RtudeiJl rIioiiI(1 tic (loulilcd uitli luw. My ruaRciii for civiiii’ a 
hliort cliiqitcr upon loi^'islatiim is that niininp' dlllm' hoiii most 
other occupations liy beiii}; rofjjulated by special statutes, -’.nd tliat 
it is especially with an uncongenial hrancli of the snlijeet like law 
that tlio student needs a lieljiiiip' liand. 

I propose to deal wilh the snli|ect very tiriclly in the following 
manner,— 

(1) Classifioation of mineral workings in the United Kmmloni;> 

(2) Statutes relating solely to mines and quarries. 

(3) ttertaii) statutes ailed mg minoa and qiiarnes incidentally. 

(1) Classification of mineral workings in the United Kingdom. 

In the eyes of the law there are two (iriiicipal kinds of imuoral 
workings in the United .Kingdom, viA,, mines and qiiarrieb. The 
former are workings winch arc carried on underground, in other 
words, under cover of earth or rock, whilst liie latter are workings 
open to the sky. It is consequently the nature of the excavation, 
and not the nature of the mineral, which determines, from a legal 
point of view, the class into which tiiiy given workings are plaited, 
no matter what i heir name nitiy be in piopular parliinee. 

Thus undergriaind wo’kings for slate and stone are legally 
‘liiines’ and not quarri»s, though generally ealhd liy the latter 
name, whilst open workings for i ^ i ore arc legally ‘qiiarries’ and 
not mines. It is important to giiisji this fundamental fact, 
because hi other eomilries the distinction between mine and 
quarry may ho based upon, totally dilieroiit gnmnds. Afhat is 
legally a ‘mine’ in this country, may legally be a ‘quarry’ in 
France, and vice versa. 

But even in this country it is not every'iindergioimd working 
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which is a m'ur, lujr is ci’cry cipon W'lfhinfj: legally a quarry. 

T)tu of ilie t'Xea\.itioii has U' hc takou iiito account. 

Uiiih‘rurnii«‘i .■on>truole<l for raih^ay trains, for sevvage 

pur}‘ost\-’ 'll for w;.; to works, arc uot ottiisklfrod n’lines legally, 
iM'c.tu-' lilt;, aioool nuulc with the object of gcilfng minerals; 
aiiaih. .1- };(tiv\c\ tojUsiig thotiiih open to 1 he sky is not legally a 
(pi.iiv'i wioio It ht-iOLT excavated, Oi'cause it is duii out in order 
i-n Mtalfe a ro-el far tr.ous. And even if tlie sjioil from a railway 
loiiorl 1,'r cuittiu IS alilised for tho puryiosc of constrncliiig an 
ciiilMi’koH nt or even foi'm.ikiiojf bricks, the woil^ing still lails to 
he a loioe or a <jii:irr\, i)i‘<‘anse the primary "hject of the ex- 
cit-v-iiiMU, 11 ’., •,"'lhUL> minerals or not g'-Uing minerals, is the 
cMtoi-M.n nhi' li s-'t.ilrs ^\h^■ther ii is to i;e subject to or exempted 
from ih. si u\it<> r;-l Oiog to min('> and (p.iairies. 

\Vr ilim ariive al ih< (wo d-oimtionfiA mine is a jdnee 
mi-lcj..oooml wit-‘re pcr^'ois wt>rk fur thi; pnqioso of getting 
0110(10^, a. t'|ii‘irry is a plui'c 'pen L'» the skx where persons 
work f'H liic jM[rpo,>fM)f gitfirg niinera'' 

d’iiero 1-. .1 tim'd kind of mim-ral wotknig ni llos cooutry, 
tie* well or O'C-foole for ohtauong brjoe or n.iuiral gas 
^'File cooqb'U-ela^dm-alion of mineral wori mg- i'oi legal ]mr- 
poses hi th*' (hoh'il Kingdom is as fullows;— 

(Up Mme^. 

(/'} (pia'Mi'‘s. 

(,-) ^V^^ls and boreholes. 

(■Ji StatiiloB relating solely to luines and quarries. 

Tliere is no sp<'eiaj law n-ginahng the v.orkni:; of w«dK and bore- 
lioles, so I heie liuve toii.'.tl solely with mmeriaiid quaiiies. Want 
of spa-'e f.)i Olds mx w 'll -og e.veii a brjm hisioty of mmmg legislation 
in tills coontrv ; sodieeii to'•'>v 1 hui dui itig ‘ he last liall-century'a 
mimhu' ot sea oil's iia'.<‘ Ikm o passed U\ I’nihamenf witli the object 
of h‘ss( mug the d.inger.s of the /nhier’s oe.enp.aioti, whioh ap]ieitr 8 
to the gem ml pohiie. !o he extremely ha'^.ardons. How far this is 
realb the ccm' is a ni,liter to he dealt with ii» the next cha})ter. 

There are two pruieipal Aets of Piirliaini’ht: rogidating tliG 
wofkiiii; of mines in the (i^oted Kingdom* -the t'oal Mines 
Uegulaimn .Vet. J^ST. mid the Mctallihnoas Mines Regulation 
Ael. lS7-.i Till'formei applies to woiking-^ for coal, stratified 

* Togclli-’T uitli till'l.di'I>f M.tu, whuli as a luif is nut allectoil by Acts of 
Parliauieiit pas-i'J at \\\siiiiuislcr. 

\ Tla iixil text of each ul ilt.sc A'-t^ (oVl of others wliic-h will be mentioned 
later, can b- olifaiiic l foi a levs pent e lemi tb- Ring's printors, Messrs Eyre & 
Spottbv 00‘ie, East Uardifig Stieet, Kiecl Stieet, London, E.C. 
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ironsi-oifo. l.f'c'**’ ', ■'•ifl .shnir . (it** laf.tor uitplii'y to nil worlciii^s 
not uiijludi'd by the fornier. Kvcrv initu' uiusr, i>c uiKi<‘r 

one or the (tiller of tlitse two Acts. it. in wrll to poini'nui lliat the 
titles of Ih? Acts are dec’ub iily iiiisleadiiiLi. 'I'be C(^rkl "Mines 
Pie^nlation Act applies to Ibe irreut n-oii uuv.e,. bf i!to (JK vt'I.'uiil 
district, iteeensi' tlu-ore occurs as a. s/'r /^/b’"' depo.sit ; tie* M- lal- 
liferous Afines Ite^nutiun Act applies not only to all eopjx'r, le id, 
and t n iinni'.>, but aKo to ^ninerous ineb'rjround e^ea., ns for 
st(>ne, slate, oiO In ollu;r words, ibe ('oal Mile's regulates 
certain lar^ic oie puim'. wliilsl tie* MelailiU-rous Act inc]u(]i\> 
WorUin^^s for Siibsfaiees wiufli are not inetaliie ores 

] will iTow take eu’li of tie- two elasses of mines se[).ua(el\ and 
then deal wilb «|ua!T!''s 

lO) "/■ rofo', U'oi-!<h)ii'\ Jin' ('('nj, o/?-/ .-Ind''. Tlu' 

])nneipal stiiiite as already mcntaaieu, is llu' <'oa| Muies 
lleLMilation \(‘l. of h-sT ; tins is suppiemeiiled by tin (.Joai Mines 
((’hoe.k We'uleri A.-I, 1^9't, tlu <'o;:l Mines lleLOiiaten. Ae(. 

IfSbG, and the b eal Lillies lo'ontjnon Act \) ^■'<7) Ane n-lmnni 
A4, ]\hi'X 

The principal Aet ri'lates b' various matters, of wbieb t.lie 
followiiij.; are ile' mosr important, m/., eniplo\menl of women and 
einldion, certineated inanaip'rb, lenie plans, outlets, Morkiujr 
remilalions 

.Females mai not be e.mpluyt'd below orround. Alines in whieli 
more tiiaii thirty pors«uis are employed b-dow nromnj most be in (lie 
charge C'f a m;Uj.i.::i'r ])oss!’svino «, eertidcale planted by ■» Hoard loi‘ 
Examlnatioii, eslabbshed in a manmr preseribid by tie' Aet. 
'rh(Te iiiust be two nutlets to every minr, save in the ease of 
worlvin.Ls emjdoyinj; h'Wi'r than thirty peivus lielow jrronnd. 

Tlic wui kitey retrulations are known as (Vneral Knles, 'rim.so uie 
tinrty-nine In number, and deal ivilb Mntjlation, rniiiariiiL', use of 
ex]>iosivos, sah'ty-lain[>s, inelined plain's, troveliine roads, lillinj^s 
for biteam boih'vs, uaieiiw machnserv and liispeetiou by Llie 
workmen. 'J’be General L'nies aj'f’ly to every mine. 

Eeco^uisii)^ tlu* ry.rt that iiirtber i t'culatioiis wvuild be desirable 
find that the eoihltuoiis of the various iiiimno distriets ar* not tlic 
same, rarliaiie nt mad'‘jn o\ islo»- for tlic establishmeui ol what 
are called ‘Sjje'-ial Rides’, wh • unce eslal/hshed wilh all th(‘ 
jU'ORcribed forniabties, tlu'se Spicial Rulis have rbe sanm force 
as tlio (General Rules. To secure (dH'di'-nrc, bi'-.isdies of the 
rules, and of tin' Act generally, are puinshabh; ly ii<‘a\y money 
lines, or even iinprisornuent.* 

The Coal Minos (Check Woigiu-r) Act of jSOl makes it penal 
to interfere improperly with the appointnti-nt of cheek weighers, 
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and the amending Act ot 18S)6"!uakos furll)?r regulations concern¬ 
ing mine plans and safoty-lauipK, and gives the Secretary of State 
powers lu ffirhid tlie use of explosives which he may consider un¬ 
safe. i\ lestiiie^ stiitioii has bram erected liy tlie Home Uepart- 
weiil, and li -ts of ihe o', jilosivcs wliicli have satisHed the authorities 
are i'-suerl from time to lime. 

Till' Miues (I’lvildliitioii of Child Lah'inr Underground) Act, 
IhOO, •.iiiliids (he employment h.'low ground of boys under 
thirteen years of age. and apjilies t,o all ehisses of mines. 

Tile Coal .Mines Itegulatinu Ael Aniendmout Act, 1903, 

allows the inuiiug diploma of a tlnivorsily or Mining School, 
approved by the See,retary of .State, to he reckoned as, the 
eipnvalent of [no ye.irs' exjierienee in a mine. Therefore the 
gr.idnate can uid.iin a nianager’s eertifleate after having had 
practieal, cxperienei in a mine for three years; a five years’ 
exjjerience is necessary for a eiunlidatc who has no diploma. 

(Ii) jVtini-s 0/ I'opiiir, I1.111I, till, unit inh' or-.s, iiii'lrat)Jkil irtm ore, 
Oilpsuifi, salt, slut-, stuiu., e/c.-The Metalliferous Mines Act, 
1873, though framed after the fashion of a sister Act, the Goal 
•Mines llegulation Art of 1.873, now repealeil, is very far from 
lij-uig so stringent or so usefn! .as that stal.uie. Persons engaged 
in getting ores ami stune« are allowed a i'reedoro which has long 
been tlemod t.o coal Tniiier.s, allhougli tlie latter have the safer 
neeupatioii, as will bo .shown in Chajiter XVI. 

No certitlc.ited managers are reipiired ; there are only nineteen 
(leneral Itules, and the eslalili.shiiioul of Sjiecial llulc.s is not 
eompuhsoryt 

The amending Acts of ].87h and 1.891 deal with jioints of detail, 
and tlic [Slate .Mines (Gunpowder) Act, 1.8.82, gives power to the 
Secretary of Sl,.ite I 0 exempt .date mines from certain regulations 
relating to the use of evjilosives. 

(c) Quarries.—The Quarries Act was p.assed in 1891. It 
• lelinoB a quarry as “a place, not being a mine, in wtiicli persons 
work for getting clay, stnne, sand, cojirolilcs, or any other kind of 
minerals.” The ..Vet apjilies to all quarries iw'iieh are more th.an 
20 feet deep, but does not touch those which aro’nclow that depth. 

It imposes very' few obligatnms u|ion* tlie (piarry-ownor. He 
IS merely buidcii to po.st up an abstract of tlie Act, and to send 
in an annual return of persons employed and miueral raised. 
Tliere are no working regulations wli.itover. However, there is 
power to e.st,ah!isli ,8j>eeial llnlo.s. and a fairly uniform code ot 
regulations lias been established at the majority of the quarries 
of the kingdom. 'I'liese regulations are established in oi'dcr to, 
prevent accidents. * 
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TiiO Quarry 'i'oiiciyg) Act iif 1887 was jisRscc’ in order {o 
protect Kie p..’ v from ucciclenf*il)y into quarries near 

thoroughfares. 

TIio })reseMt state of miniiu; and quarrying legislation is 
summed up in the followniir t.ihir ■ - 


K’H'I (>i Woikiiij;. 


Mines 


iuiid of Miiit-ral 
Wni kid 


'oril, sli;ittli<>i iron 
.sloiK', fiiP V i.iy, .niii 

Sllrllt 


Ati miiH not iri- 
I !U'U’‘I ill'- ('o.ai 
Mii’rs Ke^iilation 

it'.'t, ’'Ucl' a-y lill' OK'S 
n( iicm (iifi- 

dMLtlo'ii), lojiil, lai. 

an«l znn;, ^ypsi-iii, 
salt, bhite, stoii*-. 


Qtiiirries niorc tlmii 2'' j Any iniiicral. 
deK[). : 

Quajnca less tlmn -0 I \iiy niineral. 

feet deep.' 1 

Wells and b[>r<‘-hoK!s. j Hnno and n.itiiiHl j 


Sj CAtal SiatnO's 

je^nnitii'' ttc 
Workings. 


t Com] Mint's Rogulatiou 

I A'}. 18 sr. 

Coal Mitns (0!.e'’k 
i Wt'i^lici) Act, 

, Ctiai jM.iks Itcgnlation 
Art. IV.M) 

1 Mines (!'• t.jiiUtion ol 

‘ Cliil'l Laliour I^mlcr- 
i/r<tmid) Arf, TdOo. 
Coal Mines Ibgiilatioii 
Aid (l'^87) Aitirnd- 
TlHOit 15103. 

I Mrlallil't lon.s Minos 
j R' gnlation .Ai t, 1872. 

I MrJallilctons Minos* 
! lirgulaiioii A.i, J.S7.r:. 

■ Sl.it•- Mnirs(Onn[i<>\vdi r) 

i Art. 1SS2. 

1 Mrlnllilt K.nsMilirsflsIr 
' ot Man) Aft., KSOl. 
Minrs (I'joiiitiilion of 
Chiid Jjihoii* Uinlrr- 
gio.i.ul) A< t, lOOO 
Qiurrie- Aoi, J891. 

N'» ''p-i ial Statnlc. 

No si>erial Sialnlo. 


(3) Certain Statute’s affeoting Mines and Quarries incidentally. 

Several otlier Acts of I’aiii ".it affect tlic CAtnirtioii of 
minerals or tlioir jaepuratiou fu. the market. I will mention 
the most important and take them in .alphahelical order. 

Alhali, etc., ll''f.//.’.v Jifu/tdntum Art, iSSI and ■ iliese 

titles, like many others, a*c misleading, bceaiise the province 
of the statutes extends far beyond soda-making ostahlishmcnts. 
The object of the Acts is to prevent the escape of noxious fumes, 

18 



tllE ELK^jlEN'l-S OF MINING AND QUAKRYINCV. 


m 


and tboy arc made t«> apply to coniout v^'orks, which arc often 
directly coiniecli‘<l with cluilk quanie.'., to salt works, to places 
where arsenical on's are I’oasled, and collieries where tar and 
annuoniacal liquor, olitiuncd i'rom the wmsU* gases ( 5 coke ovens, 
MIC lieitig (rciiti 1, The Aris are enforced hy inspectoi’S appointed 
by tlie Local L'ovornnieiit. HonnL 

fioiier Kxplv^ioii ylc^.s', 186! atul 18^0.- -\i is the duty of the 
liiiiM-q.whcr to report t<» the Hoard of 'J’nidc any.boiler explosion 
whicli Ijjippens on liis premises. Th<- Hoard is ('inpowerod to 
lu)ld inijuines concermiig lioikr e.\p)nsu)n.s, and indirectlj' to 
iidlict sc\erc ]K*naltics upon n-idim nt onmuts or agents by 
causin'^ tlu-m, without any ihaiico of appeal, ^‘to contribute 
towaids tin; e:\peiises of llii* iininiry ” Whilst the Mines Regu¬ 
lation Acts, and KacG'iy an(i W’ork.'-hop Aci iny 'lowu ])lam rules 
for uAoidinii Ju'c.idenK and an- tliercforc directly jirevenlive. the 
Holler I'Aplosion Acts give no hint concerning desirable jirc- 
cantious and an- only indirectly jir-uenttve. 

Unur Viiniplii! {('ompf'iii'-ifiifii for ,sV/.s-/VA */*'■) AH, 189 ).— 
TJic estiaclion of brine, in CTeshirc can^''^ frc<[n''nt .iiid consider- 
al*l(‘ subsalenccs of the adjacent land. Wiicre jiumpinu is b?iii)g 
euriHsl on by several tirins in a (iisltiig. it is impossible to say 
v.hieli lias tlie cause »»I’ a ui\cn subsidriwc, and the burden 
of coynpeiisation 1ms very fairly t,c> bo borne by ail brine, ]mm])ers. 
Kacli one now pays his shari- acc'udioij to the ijnaniity of brine 
lie niises. 

//V/'/o.si'ies AH, JS'H'k- 'rids Act dcal^ witii the manufacture, 
sale, transport, and stornm of explosives. It afh'cts the mine- 
owner inasmuch as he has to obtain a licence from the TiOcal 
Authorities? for storing cxplosivos, and has to hmld and keep his 
magazine in conforniitv willi certain r«:guiations. The Act has to 
lie cnfoiccd hy the Local Authorities, who usually cyiploy their 
police to do the work, and also hy the ins)iceioi'S of Explosives 
aj)j»ointcil by the Home thhee. 

Fwlun/ mi‘l WorLHi'ifi AH. 1901.- - The olijcct of this Act is 
I?"! sccun’ the hcaltli and safely of ])ersons employed at factories 
and w(u‘ksl)Oj)S. Its most important pnn ision^i arc those which 
deal with sanitation, the working hf,>urs and meul-tiines of 
wamien, young persons and children, and the lencing of macliinery. 
Q\iarries and the dressing floors of mines iniclor the Metalliferous 
Act are legally factories or workslnqis, and t-he provisions of the 
Factory and AVorkshop Act arc enfove,ed by the inspectors of 
klincs, who have liuen ajipointed li,ispectors of Factories. 

On the other hand, coal screening and coal wvashiiig works 
adjacent to collieries and bclungiug to coliiory compauies are 
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not iindor Ihc i'ar-tory an(.i Woi'l^sliop Aofc, as tlK'. 
of protected f»orjsons, i.e.y woihcn, ixtsous, and ohiidreu, is 

already, dealt with by llic Coal -Mu'ic.s Ilci;niatiou Act. ♦ 

IHi'erii Pffllufnin Prn:on!'ioii hs"0. —S|)oaKin»; broadly, 

the discbart^^c of mine refuse into riv^Ts is uiK^sirai>le;* but if 
the niiuo-owucr does turn it into a slream, ilie Act compels 
him to take the best pra,ctiea.ijlc and reasonably available means 
to render 4 hawnlc'^s. In a few cases it lias l*een adub ' d that 
the mining iiilerest is of moiv uuportanee Ilian any other, and 
the tin inino'^ near (’.unboriK' and lle(lrutli are allowed to dis¬ 
charge tlieir tailings into sundry small brooks witlmut lei. or 
hindrane.t^. d’in ore tu tli«‘ value of upwards of f^dOjOOO is 
recovered yearly from ilic nunc waste as it Hows down to tlie sea. 

I'nirlc JS-}!. a.utl —The e\il.s ol Uk' ‘'J'oinmy 

slioji’iii oldcii day-* li.ive bcrii well defiicted in iHsnicbV ,'>iihil. 
Those abuses liave ixM'U .;\\i‘])t away, and iniucrs, tocetber witli 
other vvorkuH'ii, aj’c culifled l<* rcoixo tlioir-full \\agcs*m <*<jiu 
of the realm Willcuil, deiUielioiis otlier than lliuseto wliirh tiicy 
ha^e agri cd. 

\\ orj. nn'Us A'-/, —'Fins stalule eoiujiels tiie 

employ i r to eompi u-.‘ilc ;i, workman in bis cinjiloy w ho is iujuK'd 
by accidcTil. or 1o (■'ouipcnsate the dcj-oiident rclaiivi'.s in cafe 
the workman is killed. No eouijiensation is paid to jujureii lueu 
until ihey liavo been laid up for at Irast a fortniebt. 



CHAITKK XV. 


CONDITION OF THE WORKMEN. 

Thk luattcrs fk'iJt ujf.Ii m this clinitLrr may he n*i;ardod by some 
pcr.^diis a^ supcrlluoiis, or at all ^‘vcnt.^ as out of place in an clenion* 
larv U'vli^ook, and it is likely tiiat they will asU. tlio (jnostiun, 
“ Why ijhunld the yutiii*; student he trouhled with problems 

wliirli arr left tmtoii<‘licd m lanje treatises eiitruH'ermvV’ 

My O'jily is that tin- Inlioiir {jiiesliuii js of.su niiirh iinjiortaiicc 
that ih'’ student shnuld liave his attention dina-ted to it at«t.ho 
\(Ty outset of Ins ctireer. We may talk aliout tlie use of laliour- 
s;-vin<^^ appliaiM-es, alKmt the substitution of niaeliinerv for human 
hands, but after ail what is the dominant factor in the oost-sheets 
of mniinji nudoiiaknigs'f Doth at liome and abroad the answer 
is: Labour. 

d'lie followimr tigiui's lately compiled by Air ]>; A. Thomas, 
Af.P./from the accounts of thrpe large steam-coal collieries in 
Soiiih Wales, .show that speaking rougidy four-lifths of the 
expenditure in g^^tting and raising coal is due to iabour. 


Ptr>ont(t(jf'x of tolid rost of jo'odnclioii <f largp. coal 
<ti tiif omidh. 


llrni. j 


1900. 

Liliom ... . , j 

77 ‘.18 

81-ri 

Stou's and in-irciuil.s.J 

J--* 67 

irs7 

Royahms ... , . i 

6-64 

4-88 

R<ail, lates, etc. .1 

IncidciitaU ... j 

•2T>7 

1*84 

0*14 . 

0*19 

, i 100-00 

100*00 


* “Tiie growth ami <bti'ctioii of our foieign tiade in coal-miiniigdaring 
tin* last liall'e'cuUu;\,”t/t'^r. Sint S»c , Si-pt. 1908. 
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The first yenr wns ahssen as a ji'ar of low wages, ima tlio sec.oiiJ 
as one of iiigh wages. 

In tile gold and coal mines of (he Kaiid, iieeordins; (n the tigni-e.s 
lately }H‘epafbd hy tlic Johann; sluirg i'itgiii<'ers.* the main items 
of o.;cpendituro are for labour, ex|ilosi\es, an i ft>al. and* in til*' 
following |)Voj)ortions: huliour, OO'OT prr coiit. of the total co.^t; 
explosives, M'S5 per eciit, ; ami coal, per cent. 

Jf, then, so Ijti’go a pruportimi of Uu' c.ost of getting i- ,j .‘nils is 
spent upon wages, surely it l>elni\**s tho tcaelioi to p(/int oiit the 
faet even to (^leinrntary stmlents ami tu sa\ .somet liiin: alnnit Uie 
suppliers of mnseni'U forec. 

From ^mrely philanllir<jpic motives, the oinploier will wish to 
Ifcep Ills workpeople )t<‘all.]iy, happy, i‘oiilen<e(l, aiai e<.m/<>rtahle, 
and from the lower plane of commeivial ex.pe«li<-nev it will jiay 
him to do lies, for if it a})i>ears in the course of luue that tlie 
occupation brings disea,se and ‘shortens life, the rale *oC wages 
will have {(' rifo m onler to teni]>t persons to adopt it. * 

And fiirOiei-, in the c.ise of mimne, Iho labour f]fiOblion often 
ash^nnes aspeeis whieli may he entirely ahsi'iii in ol !i«t oceupal ions. 
Workable nimeral deposits arc fre<|u<‘iiTl\ di''Co\< red in out-of- 
the-way and tlmiiy-populaU'd jiarts of old and new countries, and 
the mining emrineer, iierhaps more than most «)t}ier em]>h-v('fs, 
is ohligeil to faec the task ol eolleeting workmen, lion>ing»them, 
teaching'tlif-m a new t.rade. and looking after tliem i^enerally. 

In a word, it may lie safely said lliat the labour piohlem is 
often more dithenlt to solve jJian that of lueicly WTosiing the 
mineral from the earth s crust. 

The matters which 1 [iropose to di.scuss very hriellv in this 
chapter are the following: (1) C(indi(ioii> of LalMuir. (ll; t noth¬ 
ing ; (3) ITonsing; (4) (^enipational l)i^eases; {^>) Jlosjutals, 
(6) Kducation; (7) liecix'ation. 

(1) Conditions of Labour. 

In many oases the mine/* is merely a unit in the working 
population of a JisTrict, living it may bo in a oottagi' next door 
to an agricultural labou];er ora factory band, but <Iit)'ering from 
them by the fact that his vork lo carried on below groumi. lie 
toils in tunnels,^pits, and chamhers in whicii there is no sunlight, 
where the air is apt to be polluted by all sorts of impurities, 
and where the heat is sometimes great. !.astly, I may add 
that in pursuit of mineral *tj-easares men are templed to dwell 

* “Statisticul .slatanieutof tkcgobbinming industry of iha WitwuterRraud,’* 
■The Transvaal!,e-ffdcr, 10th Jan. 1903, ]i. 9. 
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at pi'eat elovutioiis iinioug the,momitainB, tr in malarial valleys, 
or in hot aufl thirsty (Icscrts, or amid Arctic frosts and snow, 
and ('.oils vocMitly the trying edi'cts of high altitudes, of heat 
and cold, of fever and other diseases, must thhrofore occa¬ 
sionally Ite r(H-l\Ciie\l atiKjng tli(i drawLaets attending the miner's 
ocen|i:ition. 

tl iide recognising to the fniirsi extent the value of the 
virilhiig and eerimcid.il i|nalitie.- ot tlie Mill’s I'.iys, f am not 
aware (hat U ean he as.seried, withent fear of eontradietion, that 
the miner siillers to any marked exlent from liaving to'toil 
many h(iur.s a day hy aitilicial lieiit. (In the other hand, it 
will he shown iiinoedialeli I,hat he is often seriously afi'eclod by 
having to lireallic an nn|:nre and die-f laden atinosphere. With 
reference to the tenipenture of tin' air in uorking places below 
ground, it in.iy safely he stated that (he heat is not usually 
exeessnd: at the preseni time lu this r,>ontrv it rarely rises to 
yO” Id (.'id' The warn.til is doe to various eaiise.s, vi,:, the 

internal lie.it i/f the I'ardi, the oialatioii ot iiiinends, such as 
coal, iron pirile.s, spalliose iron, ele, and lastly m tiic issnC; of 
hot mineral waters. On the t’.oinslock lode in Xevada,* the 
miner was trouhled iiy liot sprines wirh leinperature.s reaeliing 
eteii ITtf F. ( 7 (i'''(i and tlie diseoiiifort of the healed moist 
.aliiioydicre was very great. In de.iliiig with the frozen gold- 
bearing gravels in Arelie regions, aiul again while sinking sliafts 
by (lie I’oetsili process, tlie miner is surrounded liy walls of icy 
rock. Iiut ill the ooinjnraiively s(ill atmospliorc of tlio mine he 
suH'ers 110 iiieoiuenieiieo. 

It must be jioiiited out that working underground has its 
coiiipoiisaiioiis; tile miner during his work is not exposed to 
rain, nor to the pitiless siiii of the tropics, nor to the icy blasts 
of a iiorllierii winter; lie is usually able to work ail the year 
rouiiii ill an oi|U.ilile and not disagreeable temperature. How¬ 
ever, it should lie iviueiuliered tliat iiiaiiy persons called miners 
are engaged in ipu.aiTviiig ore or fuel in jiits open to the sky, and 
tiiat they arc coiiseipieiitly earning their liveliliood under con- 
ditioirs wliieli, as far as liglit, air, and warmth are concerned, are 
identical with tliose jiertaiiiiog to the I'armiiig industry. 

The troubles due to Jocal.ly arc often real. 'I'hose who have 
ascended high iimuiitaiiis and w lio have experienced the unpleasant 
symptoms c.iUKcd by a highly rarefied iitinospliere may wonder 
how such liard work as milling can,bo carried on at. altitudes 
of 15,000 feet and more; no doubt' natives who have lived from 

* Lord, “Coiiistork Mining and Miurrs,” Monourapits l/.SjrOwl, Surety^ 
Wfishiiigtoii, 1883, p. 391 H .sviy. 
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jVlildhood ill are exempt truni ills which the 

[lewcoyior frem tlie pbiiiis, !mt, iievorl'/hciloss, they appear to die 
3 arly, owiujr to tlje elevation at wliieli they dviell. • 

• Without \*isliing to niiniinise the daubers of some fevor strlolccii 
dUtricts, 1 eanunt lielp roiiiarlvin^ tliat taU;-. Tihout unhealthy 
climates must suuie.liines he taken witli a large grain of salt. 
If the real tnitli were known, lli'' aftai'K'' nf the soealted ‘fo’-cr 
would oceasionflily turn unt to Im- d\ie lulher lo e\c.i or im¬ 
prudence of the traveller hiuiseif. than lo uulu'aithiness of the 
country. 

(2 ) Clotliiiig 

l^he undergi'ound worker rc'juires smi,at)le <;lothim/, l)ut not for 
precisely the same if-ason.^ as the lal>ourer on the suilaee d he 
main oi>jeet of the miner’s iial or cap is to protect his iu-ad I'nmi 
kncKjks, rj,nd not to keep otf the sun or rain. The UaiipiA-aturo of 
the \\<‘rkjng piiue is ofifn liiiili enuu/li lo enable e^en the 
Kuropean lo slnp to the wai.’^t, and s<» ohtiiin a fn-odom <d lirnh 
cnpnenily conducive ti; elVevtivc muvular work, to s.iy nolhing 
of the adv.ini me of lliedirt et contact of the perspiring skm vvitii 
tile atinospli(‘re, a coiul'o!’!. hlile Known t.o iho aver.igo Itnghsh 
man, who is r;n;c]v nbh’ or willing.’ to discard all elofldng fi#ld 
roam about like a sava/e. Stiong foot ge.ir is often (hi>>ir<ib 1 e 
as a j)r()t(‘ction imriiust blows from stones which liinddt^ alujut 
during the processes of getting tiie minend or lo.elnig it into 
waggons. , 

Many workiuen lo'cp a special suit of working <-lotlieK at the 
mine itself, don it before going und(*rgr<*nnd. ami then exchange 
it for onhnary attire before returning Innne. Tins practice 
should bo mieouraged, as it is far h.'tter for the miner to change 
his clothes at the mine than at hmm-, where it is not easy to liave 
all the oonmiienees for ablutions ami for diving the damp or 
dripping gifnnents worn uudergroimd. Many mines, and esfieci- 
ally the modem eolhenes of France and (iermany, have most 
excellent changing-jiouses tilted up wdtli wasldng basins and warm 
shoiyer-lMxths. "Various arrangements are adojitod for preventing 
tile theft of the suits cIoUk’^ vvhieli have to he li-ft in the 
buildingi A common plan is ^o "pi'ovide for each'miner a ohuin 
which passes f^om a little wimdt over a pulley near the roof hud 
terminates in a set of hooks, d’he clothes are hooked on and the 
chain is wound up till the;s& are well out of reach ; the mhu'r now 
Idcks the winch Avith a key wjlueh he carries. Warm air is made 
to circulate through the Imildiug, and wet clotlieR are tiioroughly 
.-driefil before the beginning of the next shifJ,. 
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(3) Houses. 

Aoconunodatioii may he reqninid for various classes of’work- 
mei), vi/., Dianied ite-n liviiie on the ^}»ot willi tliwr wives ami 
families; }n;irrie<k jm'-h wiios*- wives end familit's live at n distance, 
ami, llnidly, liaelieiojs. O(:e,.i^ion;tli\ the ‘eojiipoiuid^ system is 
adopted, under whicli llie workmen voliintaiily submit lo be kept 
nndej lock and kev for a un tain lunnlier of mouths, and lastly, 
ninst l>e nienlioned the ]d.\n of ejnplovme eonviets, who arc 
housed in prisons and marched to and fr(»m their work under the 
care of warders 



'I 


Fm 2i0.- ShowiT i;atie> :vt tie* Aiiziii FraiK^e. 

For housing- the three first (dasses of<*workmen many mining 
conipanies m ail ]iar(s of tlie world have built extensive'villages, 
and as time goes on the class of eotiage is gradually being 
im}H‘oV{‘(b I was ])ieascd to lind not long ago in North Wales 
that some new eoitauits for ({uarryimjn were all provided with 
batlirooms. A garden for each cotUge is very ilcsirable. 

Bachelors and manned men from distant homes may "find • 
quarters in the houses »of married couples or iu l)arrack8; tliose 
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« * 

ftTO sonietiiiiob on a palatial Kcale, and arc provided at 

extremely rc-.tsonviolo prices witli all sorjs of conv(Miiencos for 
the inmates. They arc in icmUi.v comforlable resideutiai clubs 
for Workmen. * 

'Ihe ‘compound’ systi'm lia^ be.n <-arried o’'t,*(in the largest, 
scale at tiie Riiuberh'y diamond mint's, Africa, where it was 

introduced for the purpose of prcvt.iiimg the robbeiy of valuable 



tv fi.oon Plan CKomo 

Flos. 271, 272, 273, and 274 —Miners’ cottn^PS, Bolsovc-i OoUieiios, 
No* tingliawL'-Inre. 


gems by the Kaflir lala'iiixa’P. They hire themselves out for 
periods varying from three {> six . Jnllis, ami during their cnga<?e- 
luont must nev,cr Jca\c the (k-mpany’s premises. "When not 
actually at work they sire confun'd in tlio ‘compoiuid,’ which is a 
settlemen.t, suiToumled h}\an uncHinhabic fence ami carefully 
guarded, with separate living Jiouses ft>r the \arious trihes, a big 
swimming-bath, and a store for Kup])lying foiKi, raiment, and 
huurics. 





282 THK ELBWENTS OT MINING AND QDAEKTING. 


I) Occupa tional Diseaues. 

Ivicli ocrupalioii luii-v hr said to involve certiun riska 

lo liraltli, Soiurtimcs r\lrriiioly slirlit, soinrtiini'b dcrijledly marked. 
I'lio.'-pli'iirus jiuisoiiiim' ainonr tlu; inatcli makers, lead poisoning 
•.inioiig painters and |intti’rs using the ohi-fashioned glazes, and 
anl;hr,t\ among persons handling iiidrs, art* cases in point; and in 
like niaimei mining e.irries uith it speeia.1 dangers to health, 
nholli' aparl. Iroiii aeiadeuls. 

J’rohahiv tile Worst eiieiny of the imner is dust; and in making 
thi.s statement 1 am tliinking not iiien lr of tlie disastrous explo¬ 
sions in wliirli coal-dust htis piau'd .t leading part hut jilso of the 
dire ell’ert 1 of mineral dost taken in tlinnigh the month or nose 
and liiidiiig its \va\ into liic limes or into the stomach. It.s action 
inav ho mocli.inical or chemical, iiiid tin' former is the more 
coiHinoip rarllclc' of (hist drawn into tlic lungs with the breath 
stii k to tlu- murons iiieiulirane and set iiji an irritation, which does 
not cease so long as the iii.ni rontinurs to work in the impure 
atmosphere. The miner eieutnally suernmhs isllu r to ‘silicosis’ 
jmre and siiii]ih', often eilled ‘nnner’s plilhisis,’* or to the stuno 
malady with iiiliereiil.n’ eoiisiimptioii addcii to give tlie co7i/> rfe 
erdee. in tlie former ease the air ]iassagcs tiecomc so irritated 
hy the angular particles that the lung tissue nndurgoea a 
gradfi.'il change and is rendered iiica)ialile of carrying out its 
jiioper funclicms; in tlie l.itler, tlie stone ilnst, while producing 
the same changes, paves the way for true tuhercnlosis hy reducing 
the get 111 resisting power of the inngs, and making them unable 
to tight the at lacks of tlie tnlicicnle liaciltiisf The harder iiiid 
sharper tin; dust, tin' worse seem to lie its elfcets. Tlio persons 
most cx])osed to d.mgcr are those who are working jiorcussivo 
machine drills in lianl siliceous rock, and the great dustiness of 
the ntmosphere will iie quickly recognised hy iinv one dressed ina 
dark suit who stands hy the side of one of those.machines in 
operation. The mortality from silicosis on the Hand, especially 
among the rock drill inoii, has been appalling. 

.jrtie lirst remedy wlncli nainrally suggest* itself is the preven¬ 
tion of dost by introdiieing water into tlie hofe during the pra- 
ee.ss of iioriiig When the In.’e is pointnig downwards the.matter 
is easy ; if it is inclined upwards, a jot tif water, proihiecd either 
hy a [all down a pipe or hy compressed air takeft from the main, 
itiiiy be .sipnrtcd in willi usidnl lliongli not always entirely eucoess- 

^ tif the Miuci's' I'klhials Pretoria, 1903, p.4. 

t Irfggc, “Dust Iroiii Giiiii-ter and f'iie*resihliii.g Materials” 

'Chief he'ipcefor of Fiicloeicti nnd iforksitoi^'i for the year 1900,' 'London, 
190i [Cd. f.6S], p. 481 ei scq. 
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ful rcaultti, boctu’so raiiou the hulo* is deep iho watc’’ may fail to 
penetrate to the .ery bottom. l!orui-t*^of I'aris has introduced 
tbo ingenious Hushing arraiigeuieHts ^ho\vn in figure -'ih. 

Al) is th6 piston rod proloimeil to ibnn the luol-liuhler, and 
C D ia the striking chisel or K h is a t'o^ atiaeiictl to iho 

cylinder of the machine, with a brass lining (.1 IJ surroimding the 
piston rod; the lining bus a long aimuhir gn ove ioruung a 
into wliitfh watw is oonslaiitly foice l tVom a hose sci “a('i} .i at 1; 
J K L is a long central }>ass.»g« in Uu; piston rod, leadiog into a 
similar hole L \[ iu the drill. An t'lig ms •! is (lavelling hetween 
N and 0, water runs from to A(. and ihiNhes out the clops and 
powder hfrtucd by tlie blows of the ciiN' l edge 1) upon the bottom 
of the hole. V and (i> fire, lent her w.isli. rs. 

The lluHhjng sorus not onb to pnueiit tho du.'t, Imt also to 
improve the aetion of the jool by the immediate la'inoval ol all 
the clappings. Ih’aetuai work at the An/.iu eollii!ii*- lurs pioved 
that hnh'.s are bored more rapully W'itli llorm-ts appluniec tiian 
without. 



The invention commends itself, therefore, ly combmmg inereasial 
efficiency with better hygienic comlitions : the ajijdianec ean lie 
titled at at very, small cost to any penmssive boring uiachine 
whether driven by compressed air or (‘hhtricity. 

One advantage of Jlriiinlbs rotary hvdraulie drill is the absence 
of dust, and*tlie same may be said (d tiie IVaier l-e_^ nor 1 hill, 

-A second means of combating silicosis is to use a spray of some 
kind to keep the dust down iu the wiirKuig plact'S, and a third 
plan is wearing a^rl#^plrator. 

In addition to the tneehanical effect of dust, its ohotnical action 
. has to he considered in a few si e-J cases. WIuto tu'cs contain 
carbonate of lead, the workmen arc liahh; i(< sufh-r fiom plumbism 
in the same way as painters; tin' poi'-onous mmeral is taken 
into the system from handling food with diMy Imnds. I'rchahly 
lead" poisoning was nevev*So rife at any mim^s as at liroken 

* C. Neve Foster, Minr^ ftnd Qiiftrrif.s: Ont-r(ff /import irnd Siatisfics 
' for 1899, Ijftndou, 1900 [pd. 87H p. 101, 




284 THE EI.K,MKNTS OP MINING AND QUAURYINg! 


Hill, N.S.W., a few years ago, when a<.soft, inilvsjnilent ore 
containing ccrussite w^s lietng extracted. .Men engaged in 
mining g:iioj)'i do not snifcr, hecauso tlio ore is in.soUil»le and'passes 
out of tlie niieliangcd. Cinn.iliar mining carries witli it 

tilie risk of luerctcrisl jimsoning. and tlie dust of arsenical cobalt 
and nickel ores is eoiuidered by docions to liiivo been the cause 
of Clues of ciiiu'er at certain nmies ni Saxony. 

I In .be other band, some writers are ready* to credit coal 
ilust with lienelieent effects, and ascribe the comparatively low 
deal 1 i rate of co.il miners from tiibeieidar consumption to .anti¬ 
septic pro|icrtie.s possessed )iy the dust, which is supposed to 
clieck or prevent the gniwlli of the Inherelc bacillus, 'lam not 
aware tbat this e.'!|>laiiation is miiversally .accepted Ity the medical 
proieh.sion, whilst the evd of clogenig the lung passages with any 
dust seiuis certain. As a layman 1 may suggest that the 
partial iinminiity of the coal hewer from i uberenlar consumption 
may he' due (o the fact that, owing to tlie progress of hi.s work, 
ho is constantly h.aving now, iVesli, and nn[iollnted surroundings. 
The sputum of a consumptive comrade will soon lie liuricd.^ in 
tlie goaf and rendered harmless, whereas saliva discharged on 
to the Hour of a f.ictory i.s likely to he wafted ahout after drying 
ifp and lieeoine a source of infection. 

SoHic colliers sutler from nystaginiis, a disease which makes 
olijects appear to dimec li"foi'c I he )iatu'nt when he looks at 
them. The malady is due to ove.rsi raining the muscles of the 
eye ; two causes have been suggested to account for it, first, 
the [loor light of the safety lamii. and, secondly, the recumbent 
posture of the hewer, which makes him turn ills eyes in an 
uunidiiral niatiner while endeavoiiriug to guide the blows of 
his ])ick. 

The disease known as miner’s aiueuiia, or aukylostomiasiB, has 
given much troiiiile of late years on the Continent, and has 
lately been recognised by Dr Haldane, h’.ll.S., amohg workmen 
at •llolcoath tin mine in ('ornwall.* It is duo to the presence 
of small worms, like pieces of white thread and J to ^ inch 
long, which hook tliemselves on to the miuuus monibrane of 
the intestines; when tlieir nuinher las to be reckoned by 
hundreds, it is not surpiising Uiat tlicy cause great distiirbanoCB 
ill flic system, wliich may oven result in death. The female 
lays eggs winch p.a.ss out with the fmees of the person attacked ; 
if the condiiiuns are favoiiralilc—Lhat.'S to say, if there is warmth, 
moisture, and darkness—the larva' hatch out, and mud in the 

* lieport to the h'ecretarp of State for the Home Deparimeni on cm Otdhredk tf 
^Ankytoitmniasis in a tJoro.sh Mine, Liuuh.ii, 1902 [Cd. 1318. J 
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mine «ny swai.u «il,U thorn. A piiner npiy tl'on easily become 
iniectod from upon his Imnds, ’whicli liappen U» touch his 
food, mouth, or sltin. Mere contact with a suflerct; will not 
communicutcHlie disease. 

The malady is tfouhlosome ; hut \v}u*n onc^' iiscovcrefl it, is^ 
easily cured by thu aduuiiistraluni of tliymol or Uu: extract 
of male fern. It may fairly be c.ailed an occujiational disease 
ainon^ mjners northerji countries, because in onr olirn; ‘.a the 
conditions necessary for the lialclimo: of the tiic develop¬ 

ment, and the s])n'adin^ about of lh(' larvsc, would rarely exist 
above p'ound. As a inattie* of fact, the wives and children of 
miners ii! Euvojio are not attacked. Th(* discjiso may be 
prevented from spreaditi;r l;y makniG: the men void their excreta 
into pails undergmund; the evacuations should then he dis- 
infected and the pails enijitied at the surface.* It has lately been 
jminted out I that the intruduclion of watej-ing into ^dcstphalian 
oollieri(‘S, for the ]iiirpohe of keo[>ing down ooal-dnsfc, has been 
followed by a very great uicreasc in the uunioer of c.aKc.s of 
ankylobtoiiiiasip. 

In studying the diseases of any industrial jiopulalion, care 
must be taken to distinguish between those which are truly 
occupational .uid those which are not necessarily coniu'cted witA 
it. 'J'hiis VN'C ai'e told tlmt, as a class, the kestiniog slate niiiicrs 
suffer from indigestion and from pneumonia I According to 
medical' evidence, tlio former ailment is lai-gely due to drinking 
badly brew('rl tea, whilst the lulter is aj)t to aiVe<'l those wlio sit 
in their damp clotlies whil*: tvavelUng home hy train. 

(5) Hospitals. 

Both at home and abroad, largo, mining companies often 
establish and sup[-ort hosjiitals for the honefit of any nf their 
workmen wiy:> ina} require medical aid on account of accidents 
or disease, and it is pleasing to note that 1 lie prejudice formerly 
felt by the working classes against tlicse useful institutions is 
rapidly disappearmgi (d their Taluo lliere can be no question. 
The patient is pfaced in surroundings far more c(»ndiicive to 
his recovery than those Sf his h no matter how tender; iie 
has the needful quiet, more frequent medical attendance, better 
• 

* C. Lr Novo Foster, ^fincs ami Quarries: General HcpoH and SialiUics 
for 1899, Lomlou, 1900, [>, 35*2. [(M. 4€7.] 

i* “Bebor die Massaahimai 2 'ft»V.ek!Uti|>lun<; dei Wuinilviaiikhfil aul den 
Zechen des Ruhrhozirkt's,” Oluckavf, vel. xxxviii.. 190 l‘. j*. 1219. 

X Report of the Departmental Commiliee upon Mn-ioru^thsh ire Slate J^incs, 
p, xx.i., Loudon, 1895. [Cd. 7892.] 
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niirsitig, and more snilablc „dict. It infty here be remarked 
incidentally, that the jjiirgcona attfiched to l)Ospiti,ils ooimected 
with niinvs iiiul quarries nfton boconio extremely skilful in 
treating; tlic spccml classes of- accidents duo to the occupation, 
,-ind enjoy a wadi dcser\ed reputation in their profession. 

(0) Education and Eeligion. 

It is not only in the ease of the .sick and injured that a 
mininc eouiiMuy may have its oliligations. The shareholders 
tn.iv feel tint after haviiiL': o.iihcred together a number of work¬ 
men to form a oonmiiiiiity, it behoves them to make provision 
for th'i e luealion of llie yoiing and tin sjhritiial needs of all. 
Seliools are frequently Ke])l, iiji and niiiiisters of religion provided, 
.solely at tlie ('vpense of a larue mining eoiii|)any, and in other 
eases sKtisl.mlial aid IS all'erded. primary education may well 
be follmn''l iiy a, certain amiiiiiit of teehme.i.1 training for bright 
lads ami voang men deeicous of beeominLi t'oremen, and it is 
wise not to Imgei the girls, who should be taught cooking, 
sewing, and other domestic arts. ‘ 

(7) Eocreation. 

Tl'ic philanthro|)ic eirqiloyer will not rest content, even if he 
has provided eott.iges, hm|iitals, selmois, and ehnrches. Snppos-. 
ing the waiikmen to hjiend eight to urn hours in the mine, and 
eiglit hmus m .sleep, there still remain six or eight hours for 
meals, rest, and recreation. I’rom a jmrely business point of 
view, it is to the emjiloyer’s interest that the kinds of roereation 
should be of a nature In do the workmen good and not harm. 
Con.seqneiitly, without frynie to exercise too strict and parental 
a control, whieb would cciiamly be resented, the employer can 
do good by emleavouriug to direct the anmsoments into proper 
channels; he has the opjiortnnity of encouraging games, music, 
gardening, reading, etc., and of thus making his workpeople 
sober, tom|ierat.e, he.ilihy, and useful inerahers of the community. 
As examjilcs of wliat may be done, 1 may "mention that the 
Donchy Colliery Comjimiy v' Isortherh Franco has established 
the following clubs among its workmen; Archers, cro.ssbowmen,' 
gymnasts, philliarmoiiie, and pigeon fanciers; whilst on this side 
of the Channel we tind cricket and football clubs, bands, billiard- 
tables, and reading-rooms. 



CHAl'TKII XVI. 


ACCIDENTS. 

I HaVFj pointed OUI in tlir prevous clieptei’ t.liiit tlie dangers 
llirentciiinp'the mincv and Die iunmcr are cmi.'^ideied riitticiont 
to entitle Iheni to ^Jlee]al leeislation. it non reiuains foi nn’ to 
point out what these daiiLoas are, how l.ir the nnnoral e(.t,ti'] .s 
OCCUt'ation is lielter or \\uiae than eeitain oilier e.t-lljnjis, a.nd in 
what way he most re,|uiros proteetion. 

(1) Standard of a Dangerous Occupation. 

In the lirst iilaei; what is a ‘ d.uieerims ’ ooenpation ' The 
‘man ill the st.n-et lias iio hesitation in deeidini; that mining 
involves cxira-ha/ardous risks, heeausc Iroin t.inii' to f.iuu* he ii'.ids 
of some ajipalling I ollierv (‘vplosion wilh its \ietiuis reckoned ]}j 
scores or hy iiundreds. llarrowiny details rivet tiui al-iention of 
the pubhe. deeds of heroism exeiti their adnniation, the .sorrows 
of tho ■ Rurviviiia; relatives enlist tiieir synip.itines, and in these 
various wavs tlv dangers of iriinnu; are impressed upon thein. 
Dut safety and danger aie nierely relative terms, and it is 
necessary to lay down some standaril of eomparison hy which 
the perds of an oeetnia,lion can ho jirojierly measured. A 
ctuivciiietit gauge, applicahle D) all iudustries, i.s the imniher of 
persons killed hy a-eeideul auilually per 10* lO euiphn ed, and judging 
hy the special legi‘'la.tion for miners in all ]i.'uts of the world, 
it may be said that a vocation having an anim.il aeeideut uioilality 
exceeding 1 poi 1000 is usually regarded as da.iiger()us. Jhis 
standard has the .idvaiitiige cf heiiig simple and easily reiaillccted. 

(•i) Death Rates frcgi Accidents at Mines and ftitarries. 

The following diagratn* (tig. shows gr.ijihieally flic annual 
death-rates of iFio mining industry in tliis country for the last 
fifty-seyen years. 

* a Le Neve Fosler, ifiiwis a'd.Qmrries; Geviral Hr port aiul Htalistirs 
fat 1900, Lontipii, 1901, p. 69. (Cd. 766.] (With the losidts, ol the last .seven 
years added to Vue original diagram, as also in ligs. ^277-279.) 

237 
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Tho fimircb fi'oiii wliich tlic jliiinnxin hasAecn compiled, tjiough 
the l)est iU'ailalilc, arc not w) eomjilcfe as one would like, becauso 
the fii'st ton years refer to cml inininc alone, the next' cleveir 
years to coal .aiid ironstone, whilst only the last th?rty-fivo years 
,(»ii))irlse all knnls of mining. Jlow'caei'. recollecting that Of) per 
cent, of tile llritisli miiiinu' po]iiilation are ongagisl at coliierioB, 
the fi;jiiros are suiiieienl for imr jHitpose. Tlie taliie teaches several 
nsehil l'a<'l,s. In the first jilaoe, during the early years of the period 
niuler consideration o pei-son.-' ])er 100(1 underground workers were 
killed annnslh’, wdicreas nowadays tiie death-rate lias fallen to less 
than LI. The curve .siiow., a fairiy regular drop; occasional big 
catastroplies, sncli as (l.iks Colliery cyidosion in lf66 or the 
Haydock Wood and Ain ream cxj'losioiis in iS78, cause sudilen 
rises, hilt tiic genera] improvcmciit^ eventually asserts itself. To 
sum up mut-l.ers, milling is now at least lliree nines as safe as it 
was in'fill' early tifties, and judging by tlie past one may fairly 
proplimy still further imjirovements. Sueli a lesiilt is liiglily 
satisfaetort, ami iiiapie.stional'ly reliccis credit upon the liritish 
mining engineer. 

Kigiires nia.y lie fallaeioiis, and aie eonseijnentiy liuliic to be 
viewed wit.h siisjiM'ion. 1 wisit tlierefore lai point out that I 
' I 1 .M! hivti careful to avoid one source of erior which too often 
lessees tile v.ilne of miniiie statistics. In estimating tlio risk of 
any I'lilhiig, it is necessiu v to rest.rict one’s ligiircs to that calling 
alone. A misiake fivi|iient!v made in mining statistics is failing 
to separate the liuiires vvliicli relate to the nudergronnd workora\ 
from those wliicli rel.de to tlie siirf.icc liaiids. TTie latter have 
a smaller risk lliaii tlie foi nier, and if tho coniparatively safe 
oeeiipatioii is mixed nii wit.ii tlie comiiaratively dangerous 
one, the eonclusions ,iie vitiated. TTie matter is of importance, 
and 1 will tlierefore eliieidate it fiirtlier by a numerical example. 
Suppose 10 ( 1 , 0(10 persons to be eniployod at mines in some 
eoiiiilrv and 'JOO jiersoms to be killed by accident annually; 
tlie oliicial statistician will very likely call the death-rate 2 per 
1000 [ler aniiiini; hut. tliis is not tho mortality-rate of the true 
miiicrti, tiie uii'h-rijrinuul workers. When the,statistics come to 
be disseeted, it may turn out tliat Djh deallis happened from 
accidents below' ground aiming 80,000 workers, and only 16 from 
aceideuls at (lie surface among 20,000 workers. Consequently 


the true deatli-rate. of tlic miners proper will be 


80 


= 2’,31 per 


15 

1000, and Unit of the surface workers ; 7 x = 0'75 per 1000. 

JU 






19 


Below ground. .Below and above ground. - Above ground 














TH* EtWESTS-Ot MlU JNe ASD (JUiSESIjra;' 


Having dealt with the general mining deatn-rate ot tnw oouBra^ 

! will now devote a,few words to the two elassts-of >aiin6S' 
istablished by statute, viz., mines under the Coal Mines Sdgula- 
,ion Acts and mines under 'the Metalliferous Mines Regulation 
^cta. . ■ 

The iK’xt dK'lJ^ral^l (tig. 277) shows their mortality rates separ-. 

itelv. iaaa’ 

Tii<^-thiek liiH' roprcsoiils tlio nmlei'gi'ouud deaih-ratcb per 1000 
persons at idiiiics uinler tlio Coal Mines llcgulation Act, the dotted 
iue the corivs|M)iuiing death rales at mines under the Metallifferows 
Act. In tl)c last, sixteen years, with three slight exceptions, the 
thick curve has boeu below the dotted one j in other words, the 
underground workniau at a mine under the Metalliferous Act has a 
more dangerous occupation than the workman at a mine under 
Iho Coal Mines Regulation Act, or, to put matters more plainly, 
the average collier in this e,ouutry slaiids less risk of beinghilled 
by accident than the ordinary tin” lead, or copper miner. Under, 
the stringent Ooal Minos Acts of 1872 and 1887 the progress 
along till' path of safetv has been more marked than under tliA 
mild and inadequate Melalliferous Act. No stronger a.rgumeat 

can he brought lorward for advising its amendment.. ^ 

*' Since the Quarries .A.ct came into force in 1804 it has been 
possi'''le to compile pri'cise statistics concerning the accidents in ^ 
open pits more than '20 ft. deep. Judging by the diagram (ug- 
278) quaiTying, like mining, is a dangerous occupation, it wej' 
restrict the term ‘quarriers’ ta the persons actually working . 
inside the pits, and refuse to reckon among thoir iiumlw the, 
hctets omployt'd outside iu brick and cement making, slate-drefi®' 

ing, stonce-utting, etc. ^ ^ ..i .. it, ■ 

The diagram is somevhat startling, for it shows that.vh^ 
average workman employed in an opeu pit more than 20 ft. deep 
is at least as liable to ho killed hy accident as.the average eosyw; 
ore miner. Opeu workings in this country are more danger^ •. 
.than most people suppose. There can be no better mwto 
d’Hre for a more stringent Quarries Act .than the cufvMan. 

fig. 278. ' 

In tlie case of mines yielding one mineral suoh as coal; psefat. 
comparisons may he made hy referring the nuTi^er..6f 
the output, or in other words by calculating tke aumher of deat^. 
pbr million tons raised. 


• rC Le Novo IfostiT, Mines and Qtmries: Oaieml 
•far 1C02, Loiiiion, 1903, )>. 100. [Cfi. 1796.] (With ,tb«. *111% J 
five years added to the orj^nal diagram.) ,. .. 




Jftve years addeU to th«%ri^al dia^am.) 
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ACCIDtelTS. 


Tho flgnreii for *iiis 
. country arc • given m' the 
diagram* (tig. 279). 

Thirty ycafg ago every 
million tons of coal claimed 
the sacrifice of more than 
seven lives; nowadays the 
number et viotsms is re¬ 
duced to between four and 
five. The gradual improve¬ 
ment shown by the curve 
is eminentSy satisfactory. 

(,S) Comparisou of Mining 
and Quarrying with 
other Industries. 

The next question to l)o 
disctissed is how luimiig 
compares with certiun other 
industries a.s regards safety. 
Some figures which I pre¬ 
pared for an official report t 
a few years ago (.see p. 295) 
make it plain that, the 
mining and quarrying risk 
{tee figs. 277 and 278) is 
decidedly leas than the risk 
of sailors, and less than that 
of many railway servants, 
and of Workmen engaged 
upon large engineering un¬ 
dertakings such as making 
canals or building bridges. 

While in no way viisliing 
, to minimise the peAls which 
have to be faced by tlTe 
minor, it is only fair to 
point out that ‘there are 

* IHd. (as on p. 290), p. 70. 

t Seport cjf the JMpartmeTitnl 
CommtiUe upon •Merionethshire 
Slate Mines, London, 1896, p. 
JO. , [Cd. 7692.] ' 
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Fig. 279.—Number of deaths per 1,000,000 tons of mineral raised at mines under the Coal Mines 
Regulation Act, 1873 to 1907. 


isi, 'mts 'ifif 

otW working men deserving a share of.'public STOipathy 
legislative protccliou. , It is to he hoped that at iMi events;,th# 
railway servant will soon be feeling the-benefit of the’-, iieei 
regubitions established under the Kailway Emjdoymejt (Preyentiort' 
of Accidents) Act, 1900. 

(4) Classification of Accidents at Mines and Quarries. 

Hitnertn I have i.ocu 'haling with the general mortality from' 
accidents; when it is desiml to reduce tlie heavy death-rate which- 
I have pojntc'i out, it hocomes necessary to descend into details 
in order to detomiinc which classes of accidents are niost W be 
feared. The ciis-o may be compared to ^.hat of a, country with a 
heavy mortality from various diseases. Tlie health department 
will ho anxious to find imf wli.-it proportion of the de.atlis is due to 
each class of disease, in order to settle into what channel it should 
p'lrtionlarly direct its ciiorLdes. 

Mining and quarrying accidents must tlieiefore be oluSsified 
according to cause. 

The scheme adopted by the Dritisii l-ispcctors of Mines, first 
separates the nnilcrgroiind accidents from the surface accidents, 
and then classifies the former under four main tioadings. We 
therefore liave ■— .' ' 


A cHJivts at Mine's. 


Underground . 


/Explosions of fire-damp or coal dust. 
) Falls of ground, 
j Shaft accidents. 

' M iscellaneous accidents. 


Aliove ground. 





becupcdimal Rifks. 
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Qmirying. 



Open qnurries, Carnarvon,'sluru 

1883-189:' 

1 53 

Peiirhyn aUte^quaiTV, near Bjiu'jov 

,, ,, 

0 76 

Dinorsvic aiatft quairy, ifcar Llanl>tns 
Open slate quanivs it> Caniaivoiifelitu', 


0*71 

omitting Dniorwic au'l Pe.iirhyn . 

,, ,, 

2-89 

Stone quairies, Carnarvonaliire 


1 30 

• 

Eu'iiiircrinq. 


. 

Qonsiyuotiou ol Manclieater Slip Cuna] . 
Constructiiiii of Tower iTritl^'o, London . 

1887-189‘J 

2-48 ' 

1886-1894 

9-90 

]iail tvay‘i. 


• 

Railway servants <)f tlie United Ritigdoni ^ 
(ai’-eidenta in wliicii the movement of - 
vehicles was concerned 1 j 

1870,1873, 1877, 
and 1880-1899 

1 1*48 

(a) Biukebmen and ‘^cgids-gnards . 

1884-1893 . 

u-27 

(J) Permanent-way men. . , 


2 37 

(c) iSngine-dnvej-s. 

.. 

1-60 

(<i) Porters . .... 

1887 1893 

1-49 

(e) Shtmtens. 

»» »j 

6'41 

i/J Passenger-guards .... 

Average of the six (»ecui>ations a, c, i/, 

1884 4893 

1*02 

2*27 

.i6f ft . . . . • • 

idl the raiUyay servants of llio Unilcd 

>> »j 

Year eiKhMl June 

1 8-27 

^atos . • . 

Railway servants in the United States^ 

ao, 1890 

r 

efigaged 'diiv(i*^;y in handling trains, 1 

Year ended June 

9-52 

. viz,, vjugine-dnvvs, firemen, guards, f 
■ ‘aati ether trairmen J 

30, 1890 

1 

. Ski^piTig. 


* 

.Orctira.of BritisTi merchant ^^bips registered 



lu t}!^ Uhit^ Kingdom 

1871-1880 

18’45 


1881-1890 

11 04 


1891 

e-67 

” ” ” 

1892 

8-Sff , 
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t 

■ The next diagirvms (tig. 280*) arc of iii^erost in show ig now 
each clas.s has contributed in thb piisi to swell the totaj de: 'ln-oll. 
Whether wo lake tlm 'fall Ijidf-coiitury or any one pa'ifular 
decade, ad find tliat by far (lie most foi'inidahle wemy of the 
miner js the ‘f.%11 of gnmiid.’ Granted tiiat an oocmional 
fxplo.sioii may riiimi scores of victims at once, the constantly 
recnrring single fatalities from falls add nj) at the end of the year 



AvesAcr 

iapi-‘ 00 o 
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|>M»CELLANeOt'S WOgnogOVW 
■SHAFTS 

■FAt,-S OFenOUNO 
„LKt>L05IONS or FmeWMi^ 

COAL oust 




Fig. ‘2Sf'. — Froportioii of tlc-iLlis trojii ijilfcrciit cla^ht'fl of dccidont 3 .t 


to a fur higher total TliiiS is the most important Ibsson to be 
learnt from tlie stati.sr.ics of mining accidents. 

As we pass the various decades m review, the waning importance 
of exjdosions is vitv striking and also tfie growing safety of shafts 
in spite of tlieir jncroasiug depth. , 

Un the other hand, surprn * may be expressed at the larger 
proportion in later years of tiie accidents classed as ‘ Aliscellaneous,’ 

* 0. Lc. Nfive Foster iMm/'s and Qudrnes: GcitcFal Rcjwt and Slati^ici 
or 1900, London, 1001 [(\1. 7(>0j. p. 74. ,« 

+ From 18fil to 1800 tiio aUtistics relate to coni mines only. 

„ 1801 ,, 1872 ,, ,, „ ,, coal and ironstone mines oaly. 

,, 1S73 ,,1900 ,, ^ ,, ,, ,, ,, all lumes. 
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wiicji inclu le the nu^perons casualties from haiBago. The reason 
is'not far tr Beek, Larger areas afe now worked from a given pair 
of shafts and the average distance between the workitig face and 
the pit bOt^ga is conseipiently greater, and the traffic is carried 
■Jja-meehahiejifly instead of by liand. 

•fThe Increase in the propr'rtion of the surface accidents may tfc 
eiplaincd in a similar manner, bar more work is done nowadays 
by mechanical, means in pro|)aring coal for the market than 
formerly, and the introductinn of machinery has brought a*factory 
ri.sk into a domain wliero formerly tlierc were only worksliop 
dangers. 

The same story is told in a somewliat different way by fig. 

281 .*^ • 0 

The classification of luiuine accidents adopted for the United 
Ivingdom is shown by tljc following lalile (p. 2!)9). whicli gives 
'he ac.tii.-il niluilio -of deaths due to each cause for lUOO 1901 
1 ad 1902. 

Quarry accidents arc divided ofiicially into four main clas,scs, 
and each class is snbdivid- 1 aocoribng to tiie talde on ]). -dOO, 
whicli gives the resnItS for the three yeans 1900, 1901, and 1902. 

(5) Commonest Dangers at Mines and ftnarries. 

As already pointed out when deabmr with tlic main lieifdings, 
it is evident tin.’ tlie worst .soro alflictiug tiie miner i.s the ‘ fall 
ofground.’ No ' 9 wi should he spared to iircveut accidents from 
this source, and it may lie honied that the new Special Rules 
wliich reijuire ju-ops to lie put in at slated intervals, regardless 
of any apparent firmness of tiie roof, will in due time bear 
valuable fruit. 

Next in'grievousnoss are the tiaulage aecidcuts. Miicli can be 
done to reduce their number l>y preventing the mechanical liaulage 
roads from iioing u.sed as the ot dinary travelling roads of the pit’s 
crew, or, where it is coiiuneroiuny out of the quest.ion to jirovide 
separate roads, b; fencing off a portion of llie road for travelling 
purposes. • 

The statistics show tliat theyisk of ovor-windiiig is greatly 
exaggerated by the outside jiu’- and bear testimony to “liie 
care and skilk of the British engincman. 

Akhongh the’qnarrymiln is threatgned, not liy fulls of roof like 
the nlhier, hut only by falls of side, it is evident from the last 
table that this class of acoiduit is the one most to bo dreaded. An 

* C. LeNere Foster, 3/toes ami Quarriea; Oemeral lleport and Statistics 
M 1892, Loudon, 1903 [Cd. 1796], Opa. p. 63. 
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Fid. from various causes 6f accidents in and about all mines of the United Kingdom from 1873 to 1907. 




























Decdhs from AcviA/ie at all Vif, Minis in the United Kingdom 
fa)’ trie Three Tears J900, IJ^Ol and i902. 


• 

Number of Deaths. I 

Place or Cmiso of Ac< idenL. 

^ - 

j»_ 



liidO. 1 

1901. 

19Ci?. 

Explosions of fi|e-(tamp or coal-ilust, 

j'-.j 

1 

e ' 

03 

Falls of ground ... - - I 

.^>0!) i 

494 i 

41)7 

Sbait accidents— 




OvePwinding. 

rt 1 

‘ 

4 

• Hopes or Stains brc'^iiig. 

h 1 

1! 

11 

Whilal aSL’<M»ding or dti'«i-cn<liiig l>v nnodiineiv 

‘JO 1 

22 ! 

21 

Falling into shaft fioin Kurhici- 

<; ; 


4 

‘ Things failing from surface 

i 


4 

Falling Ivoni part ■wav down 

‘2.. i 

* 2.' 

)>2 

8 

Things falling from part way down 

1 

.' 

Miscellancotis. 

IS 

t9 

21 

• Ti.liil,. 


7'* 

105 





MiHcellaneons mulergroiind— 

By explosives. 

yi 

1'-.' 

-2 

• 9 

Suffocation by natural gases . , . . 


1 

By underground lives ... 


» 

7 

Iriiiptions of water . . . . 

8 


4 

Haulage - - 

Ropes or chaias hn'aking .... 

10 

20 

18 

In other "ways (run ()V«r I'y trams and 




tubs, etc) . . . . • 

16S 

172 

187 

Bv machinciy . .. 

ir» 

12 


Smidries. 

45 

42 

41 

Total .... 

! 291 

280 

298 

‘ Total underground. 

<.:il 

;i73 

933 

On surface— 

■ By raachinorv. 

20 

18 

14 

Boiler exploBlpnU. 

4 

' 1 

"ce 

Railways, sidings, or tramways . 

1 40 

lOd 

MisoellaneouB . ? . , . . . 


40 

• 

, Total on Surface .... 

Hit 

150 

120 

•Oross Total. 

:■ '• •• 

1,0:)0 

1.131 

i,or>3 

*• In 4h6 '* Insr^ectora'Reports ” for 1902, haulag** ai.cidente 

aitt chisbilied as follows: 

Cai Sones or e'wlns breaking] (£•) Rim over by trams ainl 





inswiiaau. As UUs oteBsificatlon timers fri»n» that adopl^iil m prevUvus yeats. It has been 
il»ece*Btei 7 iii,thw table toptit(b)aniI(e) t^igetber. Of the I'S? deaths In 1902 no less thaai 
lIS«^pla<-©dno4t:r the biding (*)• . 






>S00 TIIK ILEMISffTS OF MINING AND (JUAKBTING; 

Deaths from AccidSits in and ahojd Quarries more than 20 ft, deep 
in the United Kingdom fwring the Years ] 900, 1901 ayl 1902. 

Piaco <\' Cause of Accident. 

Number of Deaths. 


1900. 

ISOI. 

1902. 

Iijfide, the quarries iiis.de the actual pits, holes, 




or f xeaj atioiis). 

Falls of grountl— 

‘ 



From lieyorui the poison’s own working place 

16 

15 

14 

From the poison’s own wi'rknig plane . 

87 

24 

30 

Tefal ... . . 

6^ 

39 • 

44 

])y hhiatiiiK— 




While chiirguig or lamping. 

Fioii! Stones pidjeote.l bv shifts, when persons had 

6 

s 

9 

not talveii sulhfient shelter 

S 

3 

4 

From»TiiHs liies ... ... 


q 

J 

Mlsi'elJjilic.oiis ... - 

4 

2 ^ 

2 

Total . . . , 

i:: 

15 

16' 

During asmit or descent-- 




y Falling from pallia, stejis, or laddci8 . 

3 


3 

When ascriidiMg or descending by machinery 

1 



Mis'cellaneous. 


■ 


Total ....... 

V 

4 


3 

Miscellaneous— 




hopes or chains breaking ... 

3 

1 


Macdiiiiery. . . 

4 


5 

Holler explosion.^. 


1 

... 

Imdined and engine pdiines . 


1 

1 

Raiiwavs, sidings, or traiiiway.s .... 

if 

4 

7 

Falling from ledge*.. 

12 

10 

9 

Sundries. 

15 

,12 

17 

Total ... , . 

45 

29 

40 

'Potal inside quarries ..... 

^115 

86 

lOS 

Ouisidt) the quariies— % 




Matdiinery .. 

2 

4 

6 

Boiler explosion.s . .... 

« 



Inclined and engine planes. ' . 

2 

1 

MU 

Uailwavs, sidings, or tramways .... 

3 

6 

7 

Miscellaneous . . . . * . . 

6 , 

1 

8 

Total oulsido quarries . 

12 

12 

16 

Gross Toial . . . . - '. 

« 

127 

98 

119 ' 
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endeavour is mi.dn hf the British, statistics to drai? a distinction 
between fiWls coming from tho man’s owv working place, which it 
is his business under the Special Kiiles to inspectf and those 
coming froiti elsewhere. Whilst the actual getter may,fairly be 
expected to share with the agent the re.sponsilTility of .seeing io 
the safety of the working face, the casual passer, the loader, the 
tramriler, and the ’dresser have a right to claim that the erojjloyer 
shall protect fliem from falling atones. 

Blasting accidents are freijuent. Their innnber might certainly 
be reduced if cpiarry-ownors would enforce better discipline, 
because injuries or deaths often result from stoiies projected by 
shots, Which would have had no harmful effects if workmen had 
retired to tl?o slieltefs specially erected for them in conformity 
with the Special Kulcs. 

It is beyond the scope of an elementary text-book to deal with 
the means of preventing every class of mining and Quarrying 
accident; the subjoid is one requiring a lengthy treatise fiir itself,, 
and my object at present is simply to act as a finger-post to the 
student, and point orij'. a road which it will be bis duty to travel 
later on. 



IlDEX. 


A 

Acacia for'Uiuh--fni^, lUO. 

Access, suit lumcrs’ niorli- 

(if, 

hy Imckf ts, skips, and cag‘-5>, 2->>S. 
ladders, 2.57. 
man cngiU'!, 2i5H. 
st(;ps and slides, 2.-57. 
velocipedes, 211. 

^ waggons, 2)1. 

WiVkiiig, 2551). 

Somerset Ciilhciv’ ntodc.of, 237. 
toboggans as a ini-au'! of, 237. 
to winkings 2 {<). 

AiMileiilR, 287. 
blasting, 299, 300. 
boj'iiig, nO. 
classiticaiion of, 291. 
oommonesi kinds of, 297. 
comparison oi mining and (jinu ey¬ 
ing with other iiidiistnes, 295-5. 
dcAth-Mlcs from, 2S7. 
explosion of liredanip or coal dust, 
290, 298, 299. 

. fallv: of ground, 296, 298, 299. 
haulage, 297. 
in shafts, 296, 298, 299. 
moans for ]>revenliiig. 297, 301. 
ifc,iscei]aiicous undergiouud, 296* 
29S, 299. 
overwinding, 297. 
standard'of a dangerous occujiatfu s 
judged l)y, 287. . 
sUtistics of, 296, 298, 299. 
surface, 296, 298, 299. 
Accommodation, house, for miners, 
2S0, 281. 


Acetylene lamps, 231. 

Acme, piek, ,^7. 

Acts, Alkali, etc., 27.3. 
holler Kxjdosion, 271. 
hriiu; Pumping. 274. 

Coal Minos {(Jheclc Weighor), 271. 
Coal Regulation, 270. ^ 

Explosives, 27-1. 

Pactory and Workshoj), 274. 

Lisf. of Mining and Quarrying, 273. 
Metalliferous Mines R'-giilaLion,270, 

I Minos (Prohibition of Child Labour 
Undergioiuid) Act, 272. 
Quanies, 272. 

Quarry Fe.nping, 273, 

^ R-ivers Pollution Prevention, 275. 

* Siato Mines (Gunpowder), 272. 
Truck, 275. 

Wvirkmen’s Compensation, 275. 
Adit, 13.5. 

advantage of working mim^sby, 11>3, 
drainage, 393. 

Ernst August StoHu, 198. 

(iiiukiiTie lignite inine^, 196. 

. Kiiiser Josef Erbstolln, 194. 
KaisorJosef Ih, 194. 
levels used by minors as a means of 
access to*wvrkiu^ 236. 
Mansfold copper mines. 194. ' 
Monle{.oni, Sardinia, 19A 
Newdionse Tunnel, ColoradOjAUb.' j 
Robhschonborger Stolln, 194.' ' \ 
Sutro Tunnel, Nevada. 195; ,v 
Advantages and disadvantages cg.tha 
' • ‘miner’s occupation, 278. Hi.; 
Aerial ropew-ays, 166, 170. . : 

Aetna Powder Compftnys ftl3w, 67,‘: 
Africa, kmds of tiO^r Ased 
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Afterdanjp, 

Agglomcralkn of , Miiiali coal and finr* 

* (• frou wc, 251. 

Air, causes of j^oliution, 211. 
friotion of, 22”. 

instrument for measurijig \»-lncil,v. 
225. 

test b/ candle flame,*224. 
testing tbo quaiity, 220. 
Aii‘*conipre8S(u, 71, 72. 

Iiigoi'solj-Sergeant, 72. 

Air-cooler, Sergeant, 70 
Air-current, moans «if 
222 . 

method of prf'du' in;:. 215. 
resistfiitce to, 220. 

Air-motion for divs. jnj.;, 257 
Air-puni]>, wooden, 222 . 

Aider for I'lnbfMing, 101. 

Alford on gi:l<l uiining jh ■^> 7 . 

Alkali, etc. AVoj-ks iugiil.ttion AtLs. 
273. 

Allu\iai dqiosits of tin I'U^ 20. 
Amalgamation ]>n»c<'ss for extracting 
gold, 2f>2. 

Amber, method o[ obtaining 121. 
American drilljiig l,(»uls. 62. 

proepss of horiug with rope, M, 62, 
Ammonite, 66. 

AnniSemenls for worlcpeujde, 2S6. 
Anaconda mine {Monian^}. 13. 
Ancient milling town in Egypt, rimis 
of, 38. 

Ancient ■workings foi guldiii Eg\'pt.37. 
Anemometer, Biram’s. 226. 

Attitnal burrows as iu'Heation to pro- 
8])ectoTS, 86. 

Aoinial power used for underground 
.transport, 160. 

Aiiimfi^ dest^ctive t/) tinihor, 102. 

- used far conveying minora], 166. 
Ankylostomiasis, 28!. 

^ means for curing and preventing, 
.286. 0 * 

’Antluracite, di’cssing, 265. 

AntiiracitG mines, Vater-flusfi sv'.tem 
■ of packing,'1.50, 151. 

Aaziu -CoIUerks, sliower batlis at, 280. 
Apatite (pb'6Bi>hate of lime) mode of 
’oecwenco, 20.‘ 
of ground, 188. 
Ant'topsVSBS, 

Arizona; occurrence of copper ores in. 


■•AiTault’s portable bonfig plant, 47. 
Aminic, '^o ejiaration of, 264. 

Arsenical cobalt and mickel oi'cs, 
elfccts of inhaling dust from, 
28-t. ,, • 

Arsenical ]tyi'iles, <;aIciriation of, 264# 
soot, 261. 

Arsenious acid, 264, 

Aititicial venlilation, ..17. 

Arnha, plmspl'alc of lime depuairs, 21. 
Ascending ordcsecjiding by macldnery 
. acculents, 200, ;’00., 

; Ascent and <lesceril, guides, 231). 

J Scent and descent of mintM's, 236. 
Asia, kinds ol timber list’d in, 101. 
Aspen for tunliering, 101, 

Atinosplierie w-atheririg, 260. 
sAILicliing hauling ropf* to hanger, 
Otto’s system. It.*. » 

Atlaehing win- rope to cage,^182, 183. 
Atlai-linicnt ot waggoi-s to endless 
ro}>e, ] 65, 

A tile. Hi. 

Anger used f.r honng 48. 

Amifcieiis e-m^lonjcmrc, 34. 
Auriferous veins, eomposiUoii of, 15. 
Auslrulusia, liydraulic uiining ^li, 
97. # 

Aursiiah.i, Kinds of tiuiher used in, 

102 . 

mct.liod of tiniliering, 105, 

Austnaij salt mincH, niude of ascent 
and descent, 237. 

Aniomatic ilumjdng cagrt, 186. 
water tank, Gall.’Way’s, 196. 

1> 

Ih\rKa’i'AY. 364. 

]hiik stopc.s, 139, 140, 141. 

Bailer, 54. 132, 1S3. 

Baku, haliers iisi d at. 183, 
petroleum wells, 18, 20. 
s}>outing (»il well at, 20. 

Balance hob. 203, 204. 

Baldaeei on sulphur desposits of 
9 Sicily, 2.5. 

I'*alks of timber, 103. 

• Banket or aiinbrous cuiiglomorate, 
• 14. 

Banksman or lander, 188. 
Bar-Channellcr, ingeisoll, 86. 

Bastard lode, 149. 

Baths, shower, at Anzin coUien^ 

(Krwice), 280. 
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Batt (shale), 9. ’ 

Baard and Mackio’s firedamp indicator, 
224. . 

Beaumont’s vibrnmeter, ‘2r»2. 

Beckor on miicksih/'j dcsposits of U»« 
t Pacific slope, 22. 

Beds, 8. 

faults aiid irl‘^‘c:ul,u•ille^ in, 27. 
oeci'r/eiice of zinc bit nde in, 26. 
tliickiicss of, 4. 

Beeeli for tiiubcrin^, 101, 

Bee liive coke ovens, 268. 2fJ4. 

Belgium quarries, use ot sivcl 
saw at, 8*5, PO. 

Bell-screw or s' r- w grab used fia 
bonii.ir. 48, 61. 

Bciicliing, 127. 

Bendigo or S.indiuir'^i goldliebi. 
Vio<’)via. ir». 

Bertram ^ui'l ‘‘obboliBsspecd-eliciking j 
apjdi.inct:, j8l». | 

Bind {shale), 9. 

Biram’s aueinonn irr, 22. 

Birch for tiinl)»riiig, 101. 

Bisluip’s head, 2o8. ! 

Bits use<l for har.iig, -18. j 

Btack-danip, ‘214.. I 

Black vmitlc for limbi riiig, 101. 

Blaes (shale), 9. 

Blake’s roek-breaker, 24.^e 
Blanchct’s jmcumatic lioisling ajipar- 
ntus, 190. 

Blast furnace slag used for filling up 
in mines, 191. 

Blasting, explosives u.-^ed f-r, 03. 

gasp.H juxsiuced by, 216. 

- gelatine, 6.9. 

getting jwtrolcum by, 133. 
large blasts, 129. 

means for pivveiiling aeeidents 
from, 301. 
safety fuse for, 66. 
tools for charging holes, 03. 
under w^ato^r, fuses for, 00 
with gunpowder, 64. 
cdth iiitro-compouuds, bfi. 

Blasting accidents, 299, SOn. 

Blende, dressing of, 208. 

Blue ground, definition o(, 13. 
method of treating at De Beers 
mine, 261. 

Blue gum for tiinberiiig, 101. 

Boat, conveyance by, 156. 
levels, 156,167. 


Bobbin or reel, 177, 

Bob-plats, 204. 

Bogies, 358. 

Boih‘r Explosion Acts, 074, 
eiplocions, 299, 300, 

Bolivia, Ifuauchaca silver mines, 23, 
Bolsovor collieries, niiners* cottages 
at, 281.' 

[’'U’choh'S, 131. I , 

extT.d tion of minerals by, 131. 
for extracting salt, Middlesbrough, 
133. 


in siiihnig shaft at Foxdale miiio.% 
Isle of Man, 04. • 

li'uiig Pvh'' fer, ol.i 
method of jdii' ing, when sinking a 
sh ifl or iln\ ing a level, 94. 
lemoval of debris li-mi, 46. 

Iixoing, 41 

aoeolento tb lod', ;.0, 

1*^ Fauek'.s leeibod, 48. 
pen u.ssion willi rods, 4.9, 
pr-u’iq'^K'ii wil!i rope, 51. , 

rot ition, 41. 
doiibh) handed, 61. 

free falling tools, 50. 
for coal at the rnmes of the Bast 
India Railway, 46. 
gri]>ping apjvliuuce for w'lthdrawing 
bar, 60. 
iron rods, jt8. 

, }>lant, Arrault’s ptnlable, 47. 
jmieess of, 46. 
ibiky system, 49. 
r(»d, 48. 
rods, iron, 46, 
singie-haiided, 61. 
tlirust ’‘cgister used in, 43. 


tools, 48. 

tools used in Amorici^ 53. 
with diamond, drill, 41. 

rojie, American process 
51,^2. 

wooden rads, 49. 

Boruet’s arrangement for flushing 
boreholes, 283. 

Bottom stopes, 189.’ 

Bowks, 182, « 

13randt’s liydrauUc boring machine, 
77, 79. • 

rstkry liydraulic drill, advantage of, 
*• 283. 


Brattice, 106. 
cloth, 222.. 
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Bro!^lc> 't I?lalvo's, rork, 'Mf). 

cymtorv i’fi Iv, ll.ui'wld und .lack'M, 
240, *‘t;- 

Breakyigr ui>, siibslividiiig, or slmpinc: 
of minerals,. 244. 

Bri»c, niHlK-d of coiivoj'ing, 351. 
production of salt from. 2<!7. 
pnmj»iiig (c<impcn‘'atiLHi 1‘nr sub 
Act, 274> 

w.n«, 134. ' 

Briqucltf^ 2.'2. * 

Britisli Columbu, numc for placers in 
AtUn disl.rul, 1)5'. 

Broach, 87. 

Broken Iljll tinncs, W., d'- 
, aciiptiou i4, -'k 
lead p«nBodiiig at, 2J<3. 
poisonous fumes al, 215. 

Brown coal of 0'*i‘iii:iny, dressing i>f, 
2G5. 

Brown conveyor for flischaroaio iron 
ore cargoes, 170. 

Bucket or kibble nscl for miiieial, 

ir>9. 

Bucket dredges, 72., 74, 75-* 
foi 203. 

winding, 1H2, 18 k 
Buckets, skiji.s, and <’og''’ l"r 
and dcsccut, 248. 

Bucking, 244. 

Bucyrus Company’s dredge, 74, 7G. 
Bulbdog gllllpowd^‘r. G4, 

Bullock Maiiutaetunng Co.'s ihuniond 
drills, 43. * 

Bunning. 110. 

Buutows, lOG. 

Burrows of animals as indications W 
the proapeotoT, 31, 3G. 

Butte district (Montana) copper de¬ 
posits, 13. 

• c 

Cage, automatic 'luuiping, ISG. 

' Comstock lode, 18t^ 3^7. 
for descent and ascent, 239. 
rate of winding, 239. 

Calamine, treatmcnl of, 268. 

Calcarouc, 268. * 

Calcination of clay, gypsum, ironstone, 
‘and tin ore, 26T. 
ores, objects of, 261. 

Caache, preparation of, 260. 
California, h-ydraulic mining in, 97. 


Calilbs nia qiiicksilver mines, 23. 

(>lyx drill, <15. 

Canada, hvdruulic mining in,.97. 

kinds of timber grown in, 102. 
Ccincer caused by inhaliifg dust from 
aisemcal cobalt and iij|)kel ores 
in iSaxon .-nfles, 284. 

Oiindle boldm;, 228. 

Candles, kinds umtI for lighting work¬ 
ings, 228. 

used lor b.sling'iualil.y of -r 224. 
C.I]' 'll boring pl.iiil, 18. 

on (I.imo of sab (y laiii}i, 223. 

Capdl fill, 21S, 219. 

(Uppingsof Wire lopCS, 183. 

Cai bonas, 26. 

Carbonite, G5. 

C.ubojiir, iicid gas in aii of mines, 
212,217. 

obi.iined bv boiohol.'s “nd piping, 
132. 

C^irniola ijuu ksilvor mines, 21* 

Cariuia 'jUviiiies, iise tjf wive vaw: for 
cui tuig marlde at. 88. 

C<i.rriagt of minerals by persons, 153. 
Can’s diMutegialov, 2.51. 

Carls used f-i 1ran;-poiUng minerals, 
156. 

Catciios, safety, 186. 189. 

Caving of vunking rain^, 143. 

t’emontation pioeess apjdied in diess- 
ing, 261. 

Cenlnlug.d fan for ventilation, 218. 
puni}*, 74. 208. 
sliiienig, 131, 132. 

Chambers, iindeiground 13.5. 

Ciianee di.seovories ot miiK'iaU, 30. 
Giianging-honses, 279. 

Chamieliing m.iebinc, Ingexsoll bar, 
86, 87. 

Wduiwell, 87, 88. 

Charging spoon, 63. 

Chcdiiile, 66. 

Cheeks of a vm, detiiiition of, 7 
Chemical piopeiUe.s, dic^siiig pro* 
ce-ssc" depending ujkih, 260. 
’’^“iry wood tor limbering, 101- 
\..uoshiro sail mines, 133, 136. 
Chftsneau’s lamp for dcectiiig tiro- 
• damp, 223. 

Child labour umlcigiouiid, prohibi¬ 
tion of, 272. 

Chili, sce.Lion of nitrate of soda bed, 
18. 


20 
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•China eUy, fliscovcry of, 8t. 

Chiael, Fjiuike mochaiiioal, 82. 
Chlorate of jK>tassium mixturoK, 66. 
Chocks, 10^. 

Cinnal^ar, inode of o'-.nuu'tince, 22. 
Circnlai^saw gioo\o culfers, 87. 
Clack-|riooc, 2t>l. 

«eat-))icce, 201. 

Clumiis, d8. 

('l.vn? shell (Iredg.-, 71. 

( laimy himp. 2 J>o^ 

Classification (»f .u-cuietitN at mines 
and qiiarrii'S, 294. 
of mineral deposits, o. 
of mineral woi-kings, 269. 

Clanstlial, circular shaft liiird with 
steel at, 118. 

Oliiv-iion.slxjic, oahiiiatioii of. 261. 
Cleft, 4. 

Cleveland ihstrici, jumper used in, 
61. 

Clift (shaleh S). 

Clothiii" of miners, 279. 

Ohnve.s liydrxxeii lamp, 221. 
Coal-uuUiiii; maeliines, Disc, 87, 89. 
Hurd’s, 9(1, 92, 99, 

Jeffrey, 87. H9. 

Cp>al deposits cUs.siliiid acoonUng to 
^^loealify and gi:{*logie.d .•i.i'e, 9. 
Coal (lust mixed willi air a cau^e of 
ex[)losion, 21 n. 

Coalfields, ihitisli, map uf. 10. 

Coal measurcb in KenL, disenvery of, 

87. 

Coal mines, longiA'all ey.stem of work¬ 
ing, 114, 145. 

pillar and stall system of working, 
144. 

Coal Mines Regulation Act. dcatlj- 
rales from aceidcuib at iniiies 
under, 29(1. 
w'orkingg under, 270. 

Coal, moue of nccurreucc <d, 9. 

preparation of. for in.-vkit, 265. 

Coal seams, thickness of, 4, 
in England, France, and Cormany, 

c. 

timhering of roaiiways. 101. 

Goal washer, 257. 

Cobalt mines in Saxony, cancel cuiised 
by inhaling dust at, 2S4. 
Cobbing, 244. 

Coffering, 123, 

Cogs, 106. 


CoVe-mahing, 288i 

6v{>Tife, 263. 264. 

Colour an indicatior to the. 

spectov, 31. t 

Commonest (langor8-_,at mines and 
q^uanies, 297. 

Comparifiou as regards safety .of min¬ 
ing and quarrying with otiier 
industries, 293, 

Compensation Act for wwkmBn, 276. , 
Compound engine for winding, 174, 
175. 

('oinpound system of housing minei'S 
at Kimberley, 281. 
t Iomprf!.ssed air drills, 80. 
for excavating. 70 
for worMiig pumfis, 20.5. 
haulag(! locomotives, Jii], 162. 
hoisting engine, 174. 

US‘id for ?^lllkiIlg sliafls, 125. 
u.sed for ventilating workings, 222. 
Comjire.Nsor, air. IngersoU-Scrgoant, 
71,72. 

Coiuhtoi k lode, description of> 23. 

lifting jmmp lived on, 201. 
Concentration hy lall in wati'r, 254. 
Concrete hloeks, 134. 
dams, 3.12, 198. 
lining hir Icvelv, 113. 
lining for shafts, 114. 

Muiii^r system, 114. 

Condition q,f the workmen, clothing, 
279. 

e.ducat)<m and religion, 286. 
h<;spiiale. 28.5, 
houses, 280. 
labour, 277. 

occujmtioiial disejisi's, 282. 
recreation, 286. 

(jonifoi*5) for timbering, 100, 

Ct)nquer(.r rotary drill, 58, 59. 
Consolidation of small mineral into 
patent fuel or liriquettoa, 25li 
Coiitimioiis jigging inachiuc, 264,' 
255. „ 

Conveyance of mineral, 158. 

Conveyor, Kreis, 154. 

Jlobins, 168,155. 
screw, 1.53. ^ 

Co-operative pumping. 208. _; 

Copper, precipitation • of, at.. Psivs ' 
•t mine, 261. . .. ■* 

mipes, Mansfeld, of^- 

working,.148,149.. ■ 
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mmcs jlvM 1>V filling up 
'•■ * inctliCKj, - 

longTwll 148,149. 

Oopfjor mining Jistricis of Germany, 

. Sj>tun, .Portugal, and Uniteil 
States, H. 

Copper ores, dressing of, 266. 

mode of occTirrencc, 1 \. 

Co}»pe.r }tyriU*s, dressitig by Eliuoie 
process, 2(y). 

Cornish engme for pumping, 
god, 58. 
mallet, 62. 
rolls, 250. 

Coniwall, «ases of anlvylosloiiiiiisi« at 
• DolooaGi^niuo. 2K4^ 
mode of oeeiUTCJiec of lin oro, 2U 
Cottage'S fo{ nnners at Bolsto'ev 
cidlioib^s. 2ol. 

Countrv, deiimti(rn o<'. 8. 

Creep, 115. ia6. lla. 

Crib or ourb, 11 1. 

Crobs-c<'urso >tr fanll-, 2U 

(»f niiueia) vein, J iT. 
Grcissings for air turii'jit, 2J2. 
Cmwbar, 50. 

Crow’.s foot. fiO. 51. 

Ciaislmig maeliim-s, ua<- of various 
kinds of, 251. 
rolls, 250, 

Ciystallisatjon jn'oeess in dressing 
minerals, 2'>0 • 

Cupriferous amygdaloid. detiniUoy 
of, 12., 

lava bed.s and conglomerates, 12. 
Curb or crib, 114. 

Cutters, groove, 85. 

Dams,’ method of weeiing, 102, ip:j. 

coiicpote, 196. 

■ spherical wc^deu, 192. 
wooden, 192. 

Xiangeroub, occupation* stuncbiul of, 

' ., 287. • 

Dangei’Sj commonest, at an.! 

7_,. quarries, 297. 

X^Ufttless diamond drill, 42. 

..Davis’s ottiyx drill?. 45. 

.paty^lamp, 2S0» 

‘Dw level, 19^. 

in. . 

Dc^^rotes from acoidents at mines 
; and :qT^-Tiea, 287., 


Death-rates fro* 'aacidents at mifies 
‘‘ under the Ciwii and Mtlallifer- 
oTts Mines liegulatian Acts, 
290. 

at ([uairic^, 293. 

p(!v 1,000,000 Jpns of coal raised, 
25 ) 0 , 293 , 294 . p 

Deaths, ]iro|‘<*rtion ol, fmm diflennit 
classes of uccideiils, 296. 

I)(5 rn'cisiliatrnnid mil , .'•f'-t; . 13. 

system of Working, M7, vk 
treiiling of bUn- gn-imd at, 2U1. 
washing niaeiiine ut, 243. 
lleeks, cage, lb(i. 

Deposition of minerals, 3. 

Deposits Ilf Coal of diMeienr geological 

ages, 8. 

D« posits, thick, iiK'de of woikiug, 
146 -1IH. 

iK'Sceut and ascent of r *..('*>, 230. 
Desiceation in dressing. 257^ 
Delaclmtg hooks, 188. 

D'aiuond bearing nu k, dre.s.sing of, 
2G.5. 

fonnation of, 14. 
lieatmeiit by weatlicriiig. 261, 
])iiiniond drill, Inniiig vulh, -tl. 
Daiinlle.ss, 42. 
prospecting, 44. 

S'lllivauVs ]'ios]>ec,tiiig, 11. 
tliiust regi-‘ler of, 13 
Diamond itnne, Dc l>(‘eis, system ef 
working, 117, 148, 

Diamonds, localilies where found, 14. 
occurivncc of, 13, 
wasliing machine foi, 213. 

Die of stamp, 249. 

Dig (Ooriiisli), 70, 
dclinition of, S. 

Digging, niachiiics for, 72, 73. 

Dij*, dejiTtinon of, 4. 
nuMsurc.ineiit of, 7. 

Diploma in scieuc', and mining, 
u<lvn,ntugc of obtaining, in 
«xaminalu>n for manager, 272. 
Dij)ping nocdle used in .searching for 
«> magnetic iron ore, 38, 39. • 

Disc, machinesforcoal-cutting, 87,81). 
Disc-overy of minerals, 3'). 

DiS.‘abO among colliers, 284. 

Festiniog slate minors, 285. 
Discaaes, aukylostomiasis, 284. 
from arsenical cobalt and nickel 
ores, 284. 
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Diseases from cinnabttr mining, 284. 
frDiu iiiluilation of dust in mine*., 
282. 

dond on>s, 283. 

of tin uiiii«rs in ('ornvv.dl, 284. 

Disiiitftgmtion of n,'iiifrals, 230. 

fDisinti’grators, 2.M 

DihtiUutiori of auljjliur m-k, 238. 
use of, in dres-siiig. 203. 

Dividers, 108. 

DividinJjs, 100. 

Dolooath niirie, ankylostomiasis among 
miners ul, 284. 

Doors used for air current, 222. 

Douclty colliery (Fniuoe), recreation 
jirovidcd for workpccjde al, 
286. 

Douglas pine for tiiiikcnng, 102. 

DiAMicasL shaft. 237. 

Diviina.g(v 101. 
by adit. 103. 
pumps, 108. 
siplions, lOft. 
wai.cr poNNci. 190 

winding inacliiiii'ry, 399. ! 

windmills. U)8 

Drainago! Gomnnssion fttr >Si'Uth 
w> Sl/aflordshm- and East Wor- 
^ecst-rshu", 208. 

Drawing hit, 20o, 201. 

I M< dg<-s, bucket, 73, 75. 

Ihicyrus and ('/o.’s. 76. 

clam s)ieil, 74. 

driven by clcelmaly, 71. 75. 

Eai'iisclciigh, 75. 

giab, 74. 

I’rieatmaids grab, 7 I, 77. 
suetiun, 74. 

Dredging for minerals otlicr tlian 
gold, 131. 

inacliim\s for excavating, 72-77. 

Dressing, arsenic ore, 204. 
by amalgainatic.n, 202 
oalcinati(m, 261. 
ceinentiition, 203. 
crystallisiition, 200. 

. desiccation, 257. 
distillation, 203. 
cvaporatiiui, 200. 
friability, 2(3). 
fusion, 257. 
magnetism, 257. 
magnetism in Kranco and 
Germany, 258. 


Dressing by mecljanical processes, 248. 
by motiefii in air, 257. 
motion m water, 158. 
petroleum, 200. 

■“jmcumatic machine, 257.'' 
solution, 260. 

sii rface adhesion method, 259. 
coal, 257, 205. 
coal washer'used in, 256, ^ 
ooj>])i‘r ores, 285., 
c(»}»j)ei pyrites, 260. 
diamonds, 205. 

Kruc vanner used iu, 256. 
gold ores, 206. 
graphite, 260. 
iron oiesj^ 266. * 

lead oics, 260. 
macliincs, jiggere, 254. 
phospliato of lime, 206, 
proce.sse.s, claHsiiicatmn of. 242. 
dcp'iiding ujMHi eliemical i>ro- 
pcitics, 260. 

deficnding u)Km physical pro* 
pcrl.'rs, 253. 

! quirksilvci, 267. 
salt. 267. 
sihcr ores, 267 
slate, 207. 

Slone, 268. 

sulphur rock, 257, 268. 
tin ores, 268 
/inc ores, ;'08, 

Diih, 6b, 144. 

Di’illing, tools used in America for, 
.58. 

Drills, Brandt’s, '9. 

GuiujU«it»r Total y, 58, 59. 

Davis’s calyx, 4.5, 

lor working Cleve) aid ironstone, 74. 
Gardner, 85. 

l-Jarnson and Sullivan, 85. 
Iiigcrholl-Scrgcaut, 80. 
licjner, 82, 8S. 
jiercussiv’e, ^0. 
rock, 74. < 

Stcav(‘iis.>n% 78. 

use of, in sinking shafts and driv¬ 
ing levels, 93. 

used at Minera n.ine, North Wales, 
61. 

Driving levels, 68, 70. 

byWk drills, 93, 

Di'hms for winding, 173,176,177. 
Drying of minerals, 257. 
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Uryrytin 302. 

Diywalliiii^, 1X0. 

• J)Uck m^ohiu^, 222. 

- DumU fault.'27. 

Dust from boro holes, remedy f<u' 
provonting, 282, 283. 
in air of mines, disease caus^'d bv, 
21 ^ 


j!*AlinsoLT5iinii drt^ge, 75. 

Education andrulij^um of minors, 28b. 
Egypt, ancient workings in, 37, 3H. 
Ehrhavdt and Sehmer’s juun]!, 2ur>. 
Electric bells for signalling, IHS 
drill, 78. • ' p 

fuse, Aftna Powder Oo.^. Oliicago, 
67. 

■ fuse, Sclimill k (5o., 68, 61). 
lamps, 233. 

lamps. SussiuannV, 234. 
l(»aoinotivo, J6?. 
low tension fnso, 67. 
parcussivc. dnils, 83, 8i.# 

|i*!TCUssivo drills, Somih ns and 
Halake’s, 84. 

|K)wer, U‘=’e of, in exoa\.ihiig. 71. 
EleCtriciiiy,Xirodgo driven by, 71. 75. 
iiriiig shots by, 67. 
hoisting or winding by, 171. 
Electro-magnet, tse of, m inu-ing 
aceidents, 51, • 

Elliott coal waslior, 2.')6. • 

Elmore process of treating (:o}*p<’r 
pyrites, 260, 

Employment of persons to carry 
mineral, 153. 

Endless chain huulagi:, 166. 

Tope^aulage, 16.5. 

End piece, 106. 

Engineering, Asks of workj»eople jn, 
295. 

Shmst August Stolln, 193. 

Eucalyptu.s, species of, used in tniiber- 

iii^, 101,102* 

Europe, kinds of timber used 100. 
Evaporation, dressing minerals by/ 
260. 

Excavation by heaf, 95. 
by macliinery, 70. 
manual labour, 56. 
water, 96. * ^ 

driving and sinking in levels and 
shafts, 68. 


Ex(’avation, expWsivc"* usM in, 63. 
firing shots iu, 66. 
groove-«iittors used in, 85. * 
machines for. 72. • • 

principiil tooi.s used in hand, 66. 

I shaft sinking mveliiiies usM in, 92. 
special ineth'Klfi of, 05, 
supj)orfs fur, 100. 
tunnelling machines used in, 92. 
£x})loitatioii, 126, 

Kxjdusiuus, builiT, accidoiits from, 
299. 3(»0. 

of tu’pdam}) accidents, 296, 298, 

299. 

Explosives, accidents caused by, 299, 

300. 

Act, 274. 

gases jnodiiml by (ired, 215. 
HomeOffiee testing stulnm for. 272, 
used in mining, 63. 

F 

FAfrrouY and Woik>«lio]i Act, 274. 
Kiilliitg from ledgi'S in quarries, acci¬ 
dents by, 3ti0. 

from part way down shaft accidents, 
299. ^ 

I into shaft from suifaee act^hieiii'?, 
299. 

halls <il ground aeculeiiN, 296-300. 

means for prevt-nling, 297, 301. 
Fans, Capell, 2is, 219. 
for ventilation. 21b. 

(luibai, 219, 220. 

Itateau, 210, 220. 

Schiele, 219, 221. 

VVadd).‘, 221. 

Fauck’s Tuetliud of boring, 4'<. 

Faults, 26, 

m<*asuteiuent of throw of, 27. 
recovery of jiart of deposit lust by, 

27. 

reveled, 28. 

Zinimeiinauirs rule for finding lost 
part of vein on, 29. 

•■.united Malay States, hydraulic 
mining in, 97. 

Festiniog slate mines, jximp<jr used 
at, 61- 

Filling-up methods of, 118-151. 
Fii'odamp exjilosious, decaying timber 
a cause of, 215. 
iu coal mines, 211. 
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Fii-odiinip nidTcatr<Mn,, Bf^ard and! 
MrcIcu*’?, ‘221. > I 

Chesiieau’B lamp. 223. . 
(Jlowt^h’,»224. I 

Stokes’ iuuip^ 223. 
in 140. , 

(, oil wells of /{ouijh'iM'a, 212. 
ore ttihi salt nimcs, 212, j 

oxokeritr; pits of (kilicia, 212. | 

Biiij'liur mijic-x of Sicily. 212, I 

Fire s('Ll\n", Of-. ” I 

Fires, uiidorgn.uud, accidents from, i 
299. 

fiictioii of roi.ks in hiilpiini miiin'i 
as a cause of, 116, 

Firiijo shots, 66. 
by I’lcclricity, 67. 

Fir foi timbering, lOO. i 

Flat pUles or sheets, ; 

screeij, 

Fkltciir'I stiaiid Wix rope. I,S2. i 
riii(*a!i, i40, l.'>0. 

Flumes, 97, 99. 

Fool-wall, iletiiiition of, 8. 

Force 202. 

Foroitolin^, 122. 

Form of {'nniiid, as an indicution to , 
( the prospeetov, 31. 

Foxdalf niiiios, boieiiilc-s made in 
sinking .shaft, ul, 9.I. j 

Frames ov sets, Hjr. j 

Fmuce,-phosphate of lime fle/xisits in. 
21 . .. ; 
wood used foi timhering in, 101. 
Franifols’ lYnigoand ram, 1*9, 60. 
Fraiikc drill, 81, 82. 

nieclianieal chi.snl. 82. 

Freezing ineihod of sinking, ]?o. 
Freiberg mines, driunago by adit, 
19J. : 

Frcncli slate (juarries use itf uiri- fciw, i 

91. ; 

Friability in dressing mineials, 260. i 

Frue vayuei, ‘inO. j 

Furnace for lujuation, 257 and 268. i 

■veidilotion. ‘217. 218. i 

Fui'es, i\otiia iWder Co., Chirtig^ 
67. ' i 

electric, 67-60. i 

glow, 07-69. 
safety, 66. 
spark, 67. 

Fusion of minerals, 257. i 


Oai> (ComiBhj^, 58,-, 

Calloway’s automatic "^water tank. 

pnouinalw water WrM, 1^. 
C-irdner drill, 85. 
liases in mines, 211. 

prtKluced by, blasting, 215., 

I las lamps for lighting underground, 
231. 

OLhgmfc, 6,5, 

lomera] Rules under the Coal Mines 
Rcgulilton Act, 271. 

(h-ob.gy as a guide in searching for 
mm< mis, .36. 

(irimans, fV*. 

Cinniany. amber dredging in, 131. 
cireul.ir sliafc lined with steel at 
(3.iuslhai, 118, 119. 
oojtjicr mining dislrn-r of, 11. 
ina-'iiiiie usi-d f. r S'-puratiiig mus in, 

'Jn.uhine used for sinking shaft, 98. 
shafl- lin sdwifli concreU blocka'in, 
114, 

Cill’s furnacr fir liquation of sulphur, 
208. 

Clow fuses, 67- Oy. 

lauijis, 233. 

(loaf, M5. 

dangersarising froni, 346. 

Cold, auialgLlniatlon i»f, 262. 
ancient workings for. in Kgypt, 37. 
assfie.iatwl minerals, 15. 
at Mount Morg.in mine, Queensland, 
composition <.f dqiosit of, 16. 
beds, 14. 

ponglomerate of Tranavaal, oow- 
p sUion of, 14. 
inas,ses, 16. 

mines of Trausvaal, fliod© of work* 
iiig, 140, UL 

mines in 'VYitwaicr.si-aucl, method of 
timbering shafts, 107, 108 . 
iicourrence of, 14, 
oi'cs, treatment of, 266. 
reefs of Victoria, 15. .. 

Treadwell mine, Alaska, iS,, 
veins, 15. ' .. r 

GoM-beariiig gravd,' ratractitiB- 
, from frozen strstii, S6. , 
^"working of, 180; ISl. ■ • , 
•qnartz, vein at St Davidi mine,', 
Dolgelly^ NortU Walea, 
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jUimtiou “f, 

iUflHed j-.'*, '• 

«iAssi 1 ir.utioTi of methods 
j» dfworking, 135. 

Joz-xAn, definition of, 34. 
hngo outcrop of, contttiiiiDg copj'oi' 
ores, 35. 

Rrab drodgoR, 74, 77 . 

screw* used forborijJ^, 48. 

Graphite in Bavaria, dressing of, 

2()b. ‘ 1 

Qravitation as tt means of 1uu1ag<‘, ! 
161. ^ ; 
Gicjase used in dressing Tniiipviils. 2r)l». j 
Great LajK;y water wheel, lyu. ! 

Griaounitc (Kreieh ixplosuc), 1 

Orisoutini' (Fieneii explusfvi*), 66. | 

Groove cuitci-s, 85, h7. I 

GuerJiflev quarnes diained by wind- ^ 

mills 

Guibal fan, 219. 220. 

Guides lor asi't.nt and descent, 221». 
for sImHs, ISH. 

^uhe for biiring, 48. 

Cryii't'otton, 61. * 

Ganiliiite, dressing <-1’, 268. 

Gunpowder, 64. 

Gypmini, ealcinatjou of, 201. 

UTidergrouud woil<n»gs at Palis for, 
136. 

Uaue, 7. 

Hadtield and Jaek’a gyi’atory rofb 
breaker, 210, 247. 

Haldane on ankylostouiiasis, 284. 
on causes of death in colliery 
explosions and underground 
fir<?s, 214. 

HaldSme and Atkinson on black-danij- 
in niitt.es, 214. 

Hammers used in Ixning, 62. 68. 

Hand jigger, 254. 
iland-pi^ng of minerals, 244. 
Han^iug'Wall, de^dflon of, 

Harnson and Sullivan rock diill, 

85. • 

Hartz blower. 222. 

BCatcli and CliaVuors on Gold Mine.- 
W the Rand, 14. 

HatcheS} 178. 

Haulage, 152. 
aociden.ts, 2&7, 299. 

, eUctrio iidlway, 186,167. 


Haulage, eiidles%cbRin, 166. 
pudldss TojK*, 163. 
homes employed for, 160. 
Ioconiotive& for, 161. ^ 
mam and tail i"pe, 164. 
lojie or clmin, 161. 
single ro{«', loJ? 

Headgear. 178, 179, ISO. 

Head <if slainjis, 248, 240. 

Head <01 exeavatnig iron ore. in 
Minnesota. 60, 
lle.iduig, 68. 

Heaves, 2“. 

Hitches. 103. 

JIcKigMtt'f' roi'eway, 166. 

Hoisting, 152, 172. 

Iloishing appiiiatus, puenmatic, 190. 
Holing, 137. 

Uoiiift Ollicc testing station for ex* 
piosiviKs, 272. 

ITookcr-on, 18s. 

Hooks, saiety, iRS, 189. 
lloppet-, 182. 

noriihcarn for thnhenng, 101, 

Homes, sledges for haulage drawn >»y, 
1.55. 

iimicrgiound haulage by, 160. 
lioi.Hi^-whim, 173. 
liof'pitals, 2'*.5. 

Houses for miners. 280. 

IluancUacri sihet mines, 
of. 23. 

llmnau labour employed for uuder- 
ground tran.sporl, 160. 

Hurd's coal-cutiing machine, 90, 92, 
93. 

Husliiag, 38, 39. 

Hutches, 158, 

Hydraulic boring nuudiiue, BiandPs, 
77. 79. 

mining. 96 941 129. 
power, 71. 

]>ow<T for w<jrking piuni», 204. 
ahneing, 131, 132 


241. 

Inchiie, 13.5. 

Imdiiied and engine planes, accldeuts 
• Oh, 299, 300. 

Inclined planes, luoans of haulage cni} 
161. 

shafts lined with steel, 118, 120, 
121. 
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timber U8cd 101 . 

Judictttor for wiijfUug engines, 18fi. « 
liidigesti^m. Frstiaing slnt^o miners 
suller from, 285. 

IngeTKoll baj-ehaniH'llcr, 68 . 

Ingersnll 5>(‘rgfant air ciiijncssor, 71, 
72. ' 

* drill. 80. 

Insects dcstinctivc to limber, ] 02 . 
Intcmioler, Sergeanl. ve](ie;tl. 72. 

Iron u'n’ sled suiij^orLs for levels, 
115. 

Iron-bark for tmihf-riiig, 102. 

Iron bucket oi' kibble, lob. 

Iron iaUice-woik for n infoKntg con- 
ervlt! Ill walling, i 1 - 1 . 

Iron mines in iMidiigaii. sbalt,' lined 
wilii sted al. ns. I 20 . 121 , 

Iron ores, Clevelaiid distru f, lil 
dibtribuiiort of, and mode uf o'Tiir- 
reiiee, 16. 

(Iressiu;, of, 2 (b>. 

exu-aition iiy uiilliiig ]'r(.e' ->s, l;5). 
Fr-iuee ar.d (. 01111 , 103 , lb, 
magm tic inaeldnc foj'eoiKieidiaiinr. 

■■ 258. 

magiieHc, use of niiigtieiie noedlt 
. in MMi-'-hjiig ior, .‘m. 

Aorlbaiujitoiistiirc opiii •woi'kliig.s 

bti, 127. 

outcrop of massive iiauuatitc in 
Brazd, 8 'k 

section of b'.di<.s of oie m jManpidle 
Oi'iniiy (Miciijgiiii), 17. 

Spain. It;. 

United States, 16. 

Iron ])rops used for working ]-']uces. 
118. 

Iron pyrites, 9. 

Irouwood for limboimg. Ud. 

Irruptions of water, .icodents from. 
2b9. 

Irul timber, lul. 

, - J 

Ja^ah timber, 102 . *' 

Jeffrey coal-cuttcr, 87, SO. | 

olectrio drill, 78. ’ 

Jigger, 254. ' 

Jiggers, discharge of productis from, 
254. 

JodeUl«‘, 308. 

Jogs (I'lintsbire), 106. 


f* <1 

Johannesburg gold mines, method of 
worlAflg, 140,141. 

Laiigjaagte Estate (East), section 
of aHrilen'U.s beds, 15. * 

Jumpers, 61. t- 

' K 

Kaiskk Josef II. adit for draining 
rfibraii/rnincs, 10-i. 

Jo.^d Erb.^l.oDii, U/ingiiry,,19i. 
Kiulik’.s bpeed-nieiisiirer lor winding, 

2o9. 

Kani timber, 102. 

Ka.sdowskx's sv.st>‘in fur working 

j)iiirip>. 20'i ' 

Kauri ]'Uio Ipt (iiiin< ri ig. ]0'2. 
lunt, dis-:c\N>i V of Coiil NloaMiresin,37. 
187. 

Kf.^'^toiie dull, 55. 

Ki'oblosl.oU 182. 
l\ics(lgnl!i', (>5 

Knnbeiley di.'tm"iid di'-rrici. 23. 

mines rimb' r d al, 1->J, 

Ril'd and Cti.uidroiris method „of 
sluiftsinkiii!', Do, 124 * 

King and llmiible’s fiubn hing hook^ 
l-^S, 18D. 

Kiiig-pof-t, 2‘'o. 

Kil.M'Ti’s petioleum incandescent lamp, 
2‘(5. 

Kloudikf, nieihe^d of sinking through 
fiozcn strata al, Do. 

Kiiajipev, 208. 

Kbm-liin on llaku perroletim, 18. 

Kreis conveyor, 151. 

L 

L.'ii.oi’i;, coTiditions of, 277. 
on Rand mines, e!X]»eiiJilurefor.277. 
piopoflion of expenditure in gtUUng 
. coal due to, 276. «. 
Jriiddcr-elimbitig, excessive, it\juriyu8 
to health, 2‘i8/’ 

Iiiidd'^'i's, mine, ^37, 238. 

Ijiigging, J18. ■ t) 

Lake iSnjier.or copjKU-hoaring con* 
glonierate, deposition of, 5. 

La Louvicre mine, Belgium, pumping 
engine at, 206t 

Lamps, acetylene, 234. , 

rihesiicau’s firoddinp detecting, 228. 
Chunky. 230, 231. 

Cli^wes’ hydri-gen, 224. 

Davy, 230, 231. 
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himfut ftfectric, 2"3, 

•Ham mnif*rV 7 * 

Kitsou’s ^trolfum incaudescciiL. 

• 235. 

Marsjuit, iiS.''', 232. 
millers’ oil. 229. 

Miieseler, 231, 232. 
ordinaiy open, 229. 
safety^ 230. 

Sicilijwk 229. • 

Stokes'alcoliol, 223. 

SuasmaiHi’s ol(\Hric, 231. 
tin,' 229. 

Wells, 235. 

Wolf, 2«2, 23.3. 

Lancasliire am* Chfshnv C'lalln-Vl. 

niay» sltowinj;, 10. 

Laud^T, 184, 183 

Lain* un diiiui-aiu liiilhnj: inadiiiics, 
•U. 

LaiigliiHgi i' Kstitr (.Tol uiti nt**- 
burg, h'-cli'-u >'f' atmb'i'nus 
i«ds, 1.^. 

Lajjg’s Tvire rope, ISi. 
timber, 10'/. 

I^Ashiiigs or Ustiijgs, lun. 

Lutlis, 122. 

Laurmd on co.'il deposits oC Toiikin, 

9. 

liaws relating to miitnig, 270. 

Load ores, dressni" uf. 2«'(i, 
modes of uccurrei.ce, 

Lead poisoning at LiN/ke.n ilill mine^, 
283. 

Lo Obateliei’s nu'tbod of /IftenuiniTig 
amount of lindutii)). 221. 
Legislation atlV^jling mnu-s and 
quarries, 269. 

Level, 68. 

Levels, bout, 156, 157, 
driving, 68»70. 
driving, by rock drilL, 93. 
lined with masonry, 111. 
method of driving, by hanl lal/mir, 
68 . • 

method of limbering ill, ]r|.b iOi. 
steel BUpports for, 11.5, Do, 
lieyner rock drill, 82, 83. 

Lid and prop, 108* 109. 

Lifting pump, 200, 201 
Lifts, 144. ^ 

Lighting mines and quarries, ..K'ans 
of, 228, • 

by candles, 228. 


.SfS 

] Lighting by elecirxcl-.mps, 233. 
ji.* by imscellaneous laniyis, 234. 

1 ’ ordinary open lamps, 2«'9, 

I ordinary safety kirr^w. 230, 
reflected daylight, 228. 
torches, 229^ 

tiimrstone burning, 261 ^ 

I I.iiiiiig levols.ind shafts with concrete, 

! 113. 

I Liquation of sulpbnr, 2 18. 
j Listings or lashings. 106. 
j Loiuhng and unloading s^ips, 170. 
j Loading piir, wooden, rioAs-seetion 
j of, 16''. 

I Locked end wuv lope, 169, 181. 

{ Jjoeimc'lucs for un'li rgmund use, 
161, 166. 167. 

L«'ih‘S. dofmitn'n of, 4. 

niodc'. of worknig, 137 142.' 
f.<'ngliudinal sertnm, 13. V’S 
Longwall method of woiki"."’ 144, 
14ft. * 

.Maiisfehl (iofiper i\hti'’s woiked by, 
148, H9. 


M 

M'DniiMoTT’s MTcen 253. ^ 

. Macliincs, c<impressed air, 71, 72. 
for excavating, 72. 

tuninlling, 92, 93. 
undercutting coal, 89, 92, 
used for Kinking shafts, 92. 

Maebiuei'y accideuls, 299, 300. 
excavation by. 70. 
for haulage, 161. 

Magnetic iron ore, dqiping needle 
used in si-arcli for, 38, 39. 
lock for Kafcty lamp-, 233. 
Separation of ons, 257. 
sejiarator, Wensttonik. 258. 
Wetlienll’s. 258. 

Maillou slate quarry, Franco, wire 
saw usi d at, 91. 

Ai.iin an<I tail mpo haulage, 164. 

Hot, 58, 62. » 

^ialJagcJ• ol niinos, vrfluu of university 
degrei' nr dqdoina in examina- 
• tion for, 272. 

Man'cngmc, 239, 210. 

i Manhoh‘ in shafts, 238. 

I Mauonicbu, 22.5. 

Mansfield cornier mines. 11. 
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MiRisfcId copper method of 

workinc. H8,149. 

nnder^JTO^^Jli^ at, 

207. _, 

Mop of British coaHiclds, 10. 

Marble (jivurics. Currant, u.m'. of viir- 

. saw at, 88. 

Marilime pine for t.inibtMin^, l^O. 

Marqin-tte district, Midii^aji, cioss 
and longitii<)nia] scction.s o] 
l>0 lies ol iron oi's 17. 

Marsiuit lamp, 231, 2o2. 

Marston Hull sail mini'. 130. 

Maivin drill, 8.3, 84. 

Masonry for levels. IIC, 111. 

Masses or non-tabnlaj (It po^-iis of 
mineral. 8. 

ineiliods of worUii^% 14(1, lib. 

Malclmii; or h n;?tlieiiing piece for 
borpi^, 48. 

Matrii, ilefirnlion of, b. 

Meat earfn, 127. 

Alcchnnicttl chi.vls, sr-. 
jsiwer eniplou‘<l in Innilagc, 101. 

Mechernicli (I'ru'-M.i). lea'l-beannit 
sainKioiie of, 18. 

Meicniial poisoning. .‘84. 

(■ajjonr in 213 

Metal (thali-), 9. 

Metalhe sujijH.rts l7-r excavations, 

11 ;., 

Metalliferous Mines Hc;;alaliun Act, 
mines under, 271. 272. 

Methane ga^ in air of mines, 211. 

Michigan eopjiev bearing (listrict. 11. 
iixm mines, shafts lined with .‘-teeJ, 
118, 120, 121. 


Miuei’s occupation, aidvarffeag^'' aiiij. 
disad'eantagea of, 278,- \ 

j.htlii.sis, 282. . 

Mines, accidents at, 287-294, C96- 
299. 

<iraiuagecommi8sion,SoUthSUfrord- 
sljire, 208. 

siatulea relating to, 270. 

MiscellaiioousaccidentH, blasting,300. 
iju.irries, 3o0. « ^ 

slnilts of mines, 299. 
sin face of luiues, 296, 298, 299. 
uudcigroiiml at mines, 296, 298, 
299. 

Mi‘"-ln<'s, ()7 

M.nl. in-;. 

Monni .synltni of using concrete, 114. 

Moniior.-j, 97. 

Moiiticolo’s jieiietiating pulley for 
, wii'e-saw. 90. 

Mo-.j.-'s pi5m[.s woiheil by hydruxilio 
power, 201. 

Mojj.ditv rates from accidents at 
irnnes and 'juaiiic,^. 287. 

Moitai .lud tappet, of stamp, 

241'. 

Moss box. 12). 

Motion in air for dn ssing, 257. 

Motors for hoisbug or winding, 172, 
17.3. 

Moutii. Morgan mmo, Queensland, 
conipoidJnn) <>f auriferous de¬ 
posit, J«) 

Minseler safety lamp, 231, 232, 

Mysore ntuies, timber nwtd at, 101. 

N 


Midland coalfield, mip shewing, 10. 
Milling, 134. 

Mine, definition of, 1, 270. 

Miner, regulations for bonciit of, 270. 
Minera nune, drills n-.ed at, 61. 
Mineral oil, mode of oe<-iineiii-,c of, 18. 
’springe, as an indication to ])ro- 
a|a‘rtor, .31, 34. 

Teins, 4. 

Tj'orkings, elassifieiitinn of, 269. < 

Mineralogy, impK'lauce of knowb-dge 
j*f, to prospector. 40. 

Minerals, discoveries of, 30. * 

Miner’s anaemia, 284. 
olotbing. 279. 
hammer, 02. 
houses, 280. 


I Xa-TOUal drainage, 193. 

■Natural' fwos, aeeulouts’ from sultoca* 
tioiiby, 299. 
boiriig with rope for, Jil. 

Natural ^OIltllatinn, 182, 216. 

Nevada, Comstock silver-boaring lods, 
23. 

bfw S<mtb Wale.sj Broken Hill silver 
inyies, 23. 

NewYorK, strata yielding petrdeum 
in. 19. 

Nitnil.Gof amnumiui* explosiTOjj,‘ 66 . r 

Nitratt^ of 8<.Kla, mode of oceurr^nce, 
18. 

Nitu-t^ mixturae (explosives), 66. 

Nitfo-nelhilose, 64, 

NitrjO-g!(y'cerrae, 66. 





•fiSIjJonvfiS, average 
' i % *. ‘Oomj'oHtijini of, ftSf 
^ortiiampto^euire, -of working 
^■‘ • "mm ore, 127,128. 

1^011116111 <!oaJpe]«l, map shev iiig, 10. 
Korth Hill mine (Franklin, N.J.), 
Robins conveyor nw'-d at, l^f). 
North Wales coalfield, map slir wing, 
?0. 

Northwich (Ch^slure), thickness of 
silt bods at, 22. 

Nose of the bob,.20-‘J. 

Nystagmus, 284. 


0 

Oak for timbering, 100. ^ 

Occu|)atioi]al dihcasea, 282. 
risks, 205. 

Occurrence of miiKials, X 

Ochwadt’s KeU‘-n'«-<>rdiug wnlei-gaiige, 
22(5. 

Ohio, strata yielding ptlroleum in, 
. 19. , 

Oil used in ordinary open lamjti-, 
229. 

Old workings an indication to (In 
juuspector, dl, Jid. 

On-setter, 188. 

Open-cast, 126. 

Open workings, 126. 

Oregon pine for tiinberiiig, 102. 

Ore shook 153, 151. * 

Ottawa ((lanada), phosphate of limi- 
beds of, 21) ' 

Otto system of aerial ropeways!', 168, 
169. 

Out-bye, 241. 

Onttyop, nature of decomposed, as an 
indication to the prospector. 
31. • - 

■of beds and lodes, 31. 
gozzan in Queensland, 35. 
massivehxematif^ in Mina-sOeraes, 
Brazil, 38> 

V4gre lode, iioar Dol'.'glly, Nodb 
Wales, 32. 

Overburden, 127. 

Oveil»nd.stopii%, 140,141. 
advantages of, 140. 

Overshot wheels for working puni])s, 
199- • 

Over-winding, 188. * 

.accidentB'roai, 297, 299. 
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I Pack animals, 156. 

Parrott mine (Montana), 13# 
steel h(!adgoar and ora bins at, 179. 
Parys mine, j»recipitalion at,* 261. 
I'aschke and Kio^nei’s spood-chccking 
appliance, 189. a 

Pass, 150. 

I'ateut fuel, 251. 
iVar tree for timfieriu", 101, 
IVnrisyhania, strata y!i'k.'*i ' petro- 
li-inn 111 , 19. 

Peiirliyn slate ijuarry, Bangor, method 
of working, 128, 130. 

Peiu'o.se, on depobit*:! of phospiiatc of 
lime, 21. 

I’ercnssiou, boiiugby, 45. 
l*oreu>-sive diills, 80, S3, 8-1. 
Petroleum, Luring v ith rope fur, 51. 
extraetiuii by weUh, ’ ' » 
for pumping, J99. 
nu'thoil of conveyance of,’*]r.-l. 
met hud o! obtaining,', 132. 

inode of occurreitee, IR. liJ. 

well, sponluig, liakii, 20. 

Plo'sjiliaU- of lime de.po^it.s lu Canada, 

20 . 

Chris-tniaa Lslaiid, 21. 
tlrcat Pritain, 21. 

United SiuL's, 21. 

West Indies, 21. 

ilri-dging from rivet bottoms in 
.Soiitli Carolina, 131. 
diessing ol, 266. 

foini of Working at Arras in France, 

21 . 

mode of occiUTcnce, 14t. 
thiekness of beds, 21, 

Physical properties, diessing processes 
depemUng ujnm, 253. 

Pick machines, 87- 
Sei'geant, 85. 

Picker u.sfii in boring, 18. 
lacking tabb s* conveyors used as, 155. 
Picks, vaiious kinds of, 57. 

Pigsiics (Australia), 105. 

■ ’Ml ir, 143. • 

Pj/Iai-s and chambi^.s, method of work* 
ing by. 135. 136. 

fillars iu coal mines, removal of, 144. 

temporary, 143. 

Pine used for timbering, 100. 

Pipes, conveyance of liquid or gaseous 
minerals by, 154. 
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Tithead frames, 17t*, V?, ISO. 

Pittman on coal (lo]>osits of New South 
AVaVs and QueenslarMlf.O 

Place or diift, ,144. 

Plans of Md mines useful to the pro- 
speq-tor, 36. 

Plants as an iiidicaiion to tlm pro 
speclor, 31, 31. 

Plat. 182, 181 

P^■ltfoiIn^ in shafts, 238. 

Vhdiibisiiii*,' 2^3, 

Plungtr pump. 202, 

Pneumatic hoisting apjinvalus, 190. 
machines for dressing, 2.'7. 
water-biUTcl, Gallow.iy’s. 190. 

Pneumonia, t'csliniog slat*' niiner.s 
sutler from, 281). 

Poetsi'h’s trci /ing process for sinking, 

12.1 

Pohle pump, ‘2u8. 

Points and crossings, undeigromid, 

1 . 68 : 

Poling. 122. 

Poll piek, 67. 

Puntgihand lead mine (France), oiu 
hursls of carbonic acid gas at. 
212 

Po|^\et h-*ad.s 178. 179, 180. 

Poriugal. cojiiicr mining district <>1, 

11 . 

Post, 143, 

Post (sandstone). 9. 

Post and stall sy''tem of working, 
114. 

Posts (Uuiti'd States), l‘i6. 

Power used for umleigi'oiuid traiis- 
))ort, 160,161. 

Preservation of timber, rnetlHsls for. 
103. 

Prevention of accidents, means for, 
297, 301. 

Pricker, 03. 

Pfii^stmau grab dredger, 74, 77. 

Prince Edward’s Island, dredging for 
shelly marl at, 131. 

Probing, 38, 39. 

Process of dressing dejiending upon 
chemical prijgicrties, 260. 
mechanical means, 243. 
physical properties, 263. ' 

Projj and lid, 109. 

Props, iron and steel used in working 
places, 118, 120. 
fiteel, 122. 


Prospecting by diamond drills, 44'. 

• indicationafto be observed hi, 31. 

or seaich for minerals, tO. 

• qualifications necessary for, 4\). o 
Pnissia, lead-bearing ^widstone * 
Mechernich 18. 

Pulley, Monticolo*s penetrating, ft 
wirc-«aw, 90. 

Pulley-frame, 178, 179, 180. 

Pulleys, 178. 

Pulp. 249. 

Pulsator, 26.6. 

Piilsometcr pump, ^vo. 

Pump, centrifugal, 208. 
column, 201. *, 

Elnliardt and Selimep-’s, 206, 20C. 
lifting, 2 o6, 201. 

Moore’s, 204i 

plunger <jr for(‘c, advantages of, 

202 . 

Pohle, 208. 
pnlsomet* r, 208. 

Kietllcr 206 . 

Riitiugcr, 202. 
rods, 2{8). ' 

safeguards against breakage of mam 
md of, 204. 

twin double jdmiger, 205, 206. 
windmills used tor wtirking, 198. 
Punijdng, (lo-ojjerativB, 208 
engines for, 199. 
engines at M^Misfeld, 207. 

I'miijis, drainage by, 198. 
driven by compressed air or elec¬ 
tricity, 206. 
drowning of, 206. 

worked by hydraulic power, 399, 
204. 

Punchers, 87. 

Q 

QtrARKiEKS, regulations for benefit of, 

272. 

Quarries Act, worKiifgs under, 272. 

drained by windmills, 199. 

. endless wire-saw used in, 88, 90. 

statutes relating to, 270. 

QuaiTy accidents, <290-295 , 297, 
300, 301. 

definition of, 1, 270. 

Fenwijg Act, 273. 

Quanting more dan^rous than 
mining, 290. 
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mlta '^o^!J^u•ed with other 

' • ina«?tri^a ‘^f f' • , 

Quarryracn’% C()iunieh, provision of 
• •bathrooms in, 280. 

Queensland, method of timbering in, 
105. 

Quicksilver, looalities whore princi¬ 
pal mines situated, 21. 
tbicldhcss of l)efl8 off 22. 
treatment of ojes of, 207. 

R 

Rack-a-kock, 60. 

Rails 1^. 

Railway, inoan| of propul^iun, 160. 
plant, 157. * 

servants’ nsks as regaids daiig- r. 
205. 

Railways, sidnigs or Iniinways, acci¬ 
dent'* on,- 200, oOO. 

Raises (United States), 1^4. 

Raky system ol boring, 49. 

lUnimiijg appliance of Francois, fi9, 
60, ® 

And mines, expeinJiturH for laboui 
at, 277. 

Rateau fan, 219, 220. 

Receptaelen for raising mineral in 
shaft, 182. 

Recreation of w»rk|)oople, 286. 

Reef, 147. , 

definition of, 14. 

Reefs, saddle, of Bendigo or SanrUrn*’'' t 
(Victoiia) goldfield, 15. 

Reel or bobbin, 177. 

Reflected daylight, working by, 22S. 

■ Religion, provision Accessary ann-ng 
mining comnimalies for, 286. 

Renftval of pillars in coal-mining, 
144. ^ 

Reservoirs for hydraulic mining, 97. 

Retaining or 8Up]>ortiiig key for bor¬ 
ing plant, 48. 

Rcumaux's ‘speed-^h^cking epplUnce, 
189. 

Bovolving screen or tronimfl, 253. ’ 

* Rickard on saddle reefs of iiendi^i 
or Sandhurst goldfield, Vic¬ 
toria, 15. 

Eiddler pump, 205. 

Rio Tinto (Spain) copper min*s^ll. 
cross section of soutn lode, 12f- 
pillar and chamber working, 142. 


Rise, 134,137. ^ 

Risks of workei-s as regards 

quarrying, oiigine%ring, mil-* 
way, and shijipmg industries, 
295. 

Rittiiiger, fall of sphcrcs^in water, 
253. • 

]*ura]i, 202. • 

Kiv( r.s Polhitioii Prcveiititui Act, 275. 
Roasting of ores in dressing 261. 

tin ores. 2GH. r 

Robins conveyor, 153, 154, 1.55. 
hobiirile, 66. 

R(*clicbelh* f‘olljcric'8, outbursts of 
carbonic acid gas, 212, 
R\«*k-hr(‘akii)g macliines, 245. 
Rock-cutting, Monticolo’s penetra¬ 
ting ]ndley for, 90. 
wire-saws usiid for, 88. 

Rpck drills, 74. ^ 

lugei-soll'Sergcant, 85. * ^ 

use, of, in sinking shaft* and driv¬ 
ing levels, 93. 

Rock excavating by water, 95-98. 

Rods lor pumps, 200. 

Rolls, crusbing, 2.5(j. 

Roncliamp coUienes (P^’anee), vohnne 
of firedamp in, 210. - 

Rof>f, definition of, 4. ^ 

8ub.sidence of, or ‘caving®^ melhod 
of working mines, 143. 

Ro..Iing, 136. 

Rojic haulage, 163. 

Ropes, winding. 178 
178, 181. 

RojK'S or cliaius breaking, accidents 
by, 299, 300. 

Roj»(-ways, aerial, 166. 

Rotarv washing machine for diamonds, 
" 243. 

Rotlisclionberger Stolln, 194. 

Uiissi’ll and Parson’s automatic 
dumping cage, 186. 

8 

y^ADDLK rci fs ol Bendigo goldj^d, 
Vietoiia, 15* 

Safety catches, 186, 189. 

• fuse, 66. 
lamps, 230. 

Safety lamjis used for delecting fire¬ 
damp, 223. 

Salt, occurrence of, 22. 
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Salt, excavating, byi^ater, i)7. 
extraction of, by wdls ami lK>ivbolo8,« 
13«. , 

'extracliuii 4'rora sea vatiir. 22, 
ruiu».s,'Clioh)iiit'. 13^1, 
mines, timlicr f trm'turp nt. 110. 
jsprcpflnitioii <>f, 2tw. 
thickiiCFs of beds at Kantwicli in 
t'iieshirf, 22. 

San lltonisiu fojipt‘ 7 ' 11. 

San Ddiiiingiis (I'nitugnl) coi']ii*r 
mines, 11. 

Sandlnii-st or Jlcmligo goldfifld, j 
Victoria, Kickard ou saddle 
reds of. IC-. 

San{l-)tuiup. r>4. 

Sandstone used for liniTig a level, 
111 . 

Seliidlerand Budenberg’s tachoniutei, | 

. I 

Sebi' le l.m. 215^, 221. ' 

Scbmitt’.s* elect ne fuses, 68, 69. 

Si:ooj>s u^ed lor boring. 18. 

Sef)t(dj (‘cMlliebl.s, ma]) slicking. 10. 
SeoLeli fij for tmibeniig, iOO. 

on iron ojos of Brazil, 3.'b 
Scraper, 63. 

boring ]>lant, -IS. 

Screen yriionnuel, revolving, 203. 
Screening, 2r>2. 
vScrcw ct-n\i’yor, 2.63. 

Scams, tbiek. method i.f working, 146. 
Search for minerals, 30. 

Section oi De Beers diamond mine, 
13. 

iron ore mines of Mari.juelte Co., 
Mioliigan, i7. 

Langluugle Esi/ute (East), Johannes- 
bnrg, 1 , 6 . 
miDoral veins, 7. 
nitrate of 8(Kia lieds, ] 8. 
oil distnet neai Baku, 19 . 
reversed or overlap finilt, 28. 

Rio Tim 0. .soutii lodi'., 12. 
slate beds at Oakhy i|uari)es, N. 
Wales, 24. 

5 ,tTata shewing bed of jihohjdia'i^ 
midules in«Sou()i Carolina, 21. 
stratified roitks, 3. 
throw of a fault, 27. * 

vein of calcile, galena, and zinc 
blonde, fi. 

vein of gold-bearing quartz, 6. 
Sediment^ depo.sit», 3, 7. 


Self*(iificharmii^«ki|js, 18S. 

Selvage, defitiinou of, 8. 

Sergeant drill, 80^ 
l>ick ina<;biiie, 85. 

Set or train, 164, 16.6. r 
Sct.s or frames, 106. 

Shaft, 68. 

Shaft accidents, 296, 298, 299, 
rolls, 200. 

auBars or plalfomi/', 238. ^ 

Sliafts, guides in. 183. 
iron lattice-work fer reinforcing con¬ 
crete in, 114. 

Kind and CliaudroiBs method of 
.sinking, 93. 

lined with concrete,rll4. 
lined witli steel supporting frames, 
118-121. 
lining of, 106. 

linings and fillings, importance of 
fire resisting material in, 313. 
inachineB for sinking, 92. 
mecliod of raising water in sinking, 
195. 

method of .sinking, 70, 125. 
method of timbering, 306. 
naiural vniiLilation of. 216. 

Toctseli's freezing process for 
sinking, 125. 

sinking by compressed air, Triger’s 
method, 126. 

skips used in inclined, 185, 186- 
, spilling method for suppo'rt of, 122, 
tubbing for, J23, 124. 
use of rock drills In sitiking, 93. 
SJiuIe, 9. 

Sliaping of minerals, 244. 

Sheets used for distributing air 
cu’Tent, 222. 

Shell pump or sludger, 46. 

Sluiluu-s wheu blasting, need for using, 
301. 

Shipping ores, arrangements for, 17B 
Ships, risks to crews of, 296. 

Slioading. 38, 39. «. 

Shoe of s^amp, 248' 249. 

Shoot or pass, 160. ' 

Shoots for conveying mineral, 168, 
154. * 

Shot-firing, 66. 

by ejecti’icity, 67. 

Shorn, Bteara, 73. 

Sho'^er baths at tho Aiizin w^lIieirieB, 
France, -280. 



Sfttenia., 5i<’thaa i)f_ .Ji.ikbg through 
• * • 

Sicilian nii news's laTnp, J<!29. 

Sicily, hiodo of workiii" tTiiek siilpli ur- 
bfanuAHmestone bods in, 346. 
Siemptis and Halske elpci.ric ptienssivc 
diill, 84. 

Sieves, 2f)2, 2r>3« 

Signallitig’, 188. 

Silico'“is^282. 

Sill, 105. 

Silver, arnalgum^tion of, 202. 

Silver Ur for timbenng, lOo, 

Silver ores, Urokeu Hill, New Smilli 
Wes, 23. 

OoraHttK'k lock’, Ntuada. 23. 
Huanehai'a. Bolivia, 23^ 
loca1ili(S vbere ehieily tound, 23. 
Tiit)de of oocnii'i iice, 23. 

Ireutiueiit of. 207. 

Single rope haxil.ige, 103. 

Sink, 70. 

Sinking a slml'l, nietlwil of. 70. 

123. ^ 

J\.ind-Ohuudron, method of 124. 
linings, 123, 

uieLhod of iaihunx walCT in, 105. 
Poetscli’s or fnioi^uig ni' ilicl, 12.*. 
shafts by coiwpiesi><'d air, i2ri. 
shafts by rcK^k drills, 03. 
through froii'M sUatu, 0t>. 

Tiiger’s inetJiod of, 1^5. 

Siphons. 195. 

Skip, 171, 184, 185. ^ 
lua<iinKin siuift. ISl, 18.5, 
self-discharging, 185, 186. 

Sl^ from blast furnacos used tor 
packing in mines, 151. 
heaps, an indication to thc^co- 
• 8j>ector, 31, 36. 

Slate beds at^Oakley qiiames. section 
of, 21. 

dressing, 267. 
mode of occiirrence of, 2S. 
quanies ill Frai^'‘t**cnttinf slate by 
wire-saw at, 91. 

qtiarrj'ing, MoiiticoloV jltnctraMn 
pulley, 90. . 
splitting, 244.* 

-underground workings for, 23. 
Sledges or sleds, 154. 

'Slides, 27. *• ^ 

Slides and steps for descent and aasent, 


Sludge, 63. ^ 

^Sludger or shell puiup, 46. 

Uh-ed boring, 48. 

Sluices, 129, 131. ^ 

Smith, I)r Angus, oncandltfair test, 
224. • 

on pi-UiiU* ii ofiiir in mines, lilb. . 
Stinie-picci\ 200. 
vSolignurn. 103. 

Solhu-.'j or plalf'U-ins ir shaft 23S 
Solution emj*loyed in <m * ig min¬ 
erals, 2t'U. 

proi>aration of borax, nitrate ol 
^oda. and potassium salts by, 
260. 

Sombrero, jdiosphate of limo dej>ositb 
in, 21. 

Soincisel, colliers, mode of asc<^nt ami 
descent by, 237. 

South Afiica, timber u I in, 101. 
South Carolina, drcdgiii|C for l)hos- 
phate of hme in, 131.* 
phosj'iiati' of lime deposith in, 21. 
S.'utb StalTordshire Mines iJrainage 
Cominis9n»ii, 208. 

South Wales coallicld, map shewing, 
10 , 

Spain. coTtper mining distiicl. of, IL 
niejluKl of working Thaisis copier 
mine, 123. 129. ^ 

quicksilver mines of, 21. 

Si*ark fuses, 67. 

Special rules for preventing aceidenta^ 
271, 297, 301. 

Spoed-eimekuig appliances in wind¬ 
ing, 189. 

Speisf'. 3 i. 

Splitting air oiirrent, 223. 

.Spontaneous combustion in goaf, 146. 
Sjuuce hr fui timbering, luO. 

Squiba, 66. 
for liring shots, 6G. 

StalfovJshiic, SoiiUi, drainage, of 
mines, 208. 

Stalls, 136. 

: Stamps, 210 -250. 

' StaTularfi of a dangerous oc<mpation, 
2S7. • 

Stanley's tunnelling machine, 92, 93, 
Stotionai-y engines for liauUge, 161. 
Statutes relating to mi nes ana quan ies, 
270. 

Staves {rungs of ladder), 237. 

Steam diggers, 73. 
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engine for pump, 206. 
tor winding, 173.''' 

Steam power fin- pninpitig, 199. 

Steam shovel, 73. 

Steam, inse'of, in thawing ftoreii j 
strata, 0r». ! 

Steafcnsoii’s twwi crill, 78. 1 

S.>.eel iKuins for snpportiiig Jtnel, ■ 
117. ; 

frames for supjjorling levels. ] lf», ■ 
11.?. 

girders used in djy walling, 111, 


Sullivan’s diamond drill, 44. 

Suljdiur, distillation of, 268. 
liqtiatinn of, 268. 

•modes of occurrence, 
obtained by fusion, ?57. 
scam, near CalUgirono, Sicily, 25, 
tlnckness of beds, 25. 
Suljdiiir-heariTig limestone in Sicily, 
25. 

nietbod oi'working thick beds, 146. 
Sul]»ljuielled hydrogen gas ui mines, 
213. 


112 . 

prop, 122. 

projis used for suppiri <>f wuiking 
jilaces, 120, 
sleepers, 

su]i}iorLs for levels, Ilf., 116 
supports for lining .shafts, It.s. 
wire winding ropes. 178, 181. 

Stenimer, 33. 

Strmpli-So 140. 

Stej)s and slides ffir descei’it ami 
ascent, J37. 

Steps or slopes in (qa-n wuiks, sizh 
of, 128, 129, 130. 

Sb)ckw'Mrks, dcliiijli-ni of, 

Stokes’ luinj) for <le.lecting lljvdamp, 
„ 223. 


' Sulphurous acid in mines, 214. 

Sump, 196. 

SiipjM>rt «-f roof iiiul sides, waste stone 
I ustal li.r, 114. 

! Sup]*oits ftnMxeavatioTis, 100. 

I Surlace of nnnes, accidents, 296, 298, 

I 

{ Surface adhesion method in dressing 
I miner.ds, 259. 

I SuTehfTe's ineiiiod of shaff sinking, 
j 93. 

Swab stick, 63 

Swtdeii, magpetie separator employed 
fot ivmconlioling iion oi-oin, 258. 


T 


Stone (s/.ndstone), 9. 

Stone channelling machiiK!, Ward- 
well. 87, 88. 

Stone pme for timbering, 100. 

Stoop, 143. 

Stojnng, overhand, 140, Ml. 

underhand, 138, 139. 

Stopi)ings, 22*2, 

Strapping plates. 200. 

Straws foi- tiring shots, 66. 

Stream lii; '‘•oi-k>, 26. 

Strike, definition of, i. 

Studdles {Cornwall), 106. 

Stdl-picccs, 140. 

Stulls, 139, 140. 

Subaqueous workings, 131. 

Subsidence of land by brine immping, 
statute provhling 6)f eompfusa- 
tion for, 2^4. 

Subsidence of rooi, melliod of working 
mine by, 143. 

Suction diedge, 74. 

Sulfoication by gases, Haldane on, 214. 
by natural gases, accidents from, 
299. ' 


Taiutlar deposits. 3. 

Ta<dn)ini’tcr, Schalfer and lludeuboi’g’s, 
239. 

Tagiefl’s petroleum spvmte?, 1th 

TamaracK mine (Michigan), winding 
drum at, 177. 

Tamping bar, 63. 

TapjMit of si,imp, 248, 249. 

Teak for limhciitig, 101. 

Telephones used for signalliiig in 
mines, 183. 

Temper screw, 54. 

T'‘mp(;rary pillars, 143. 

Testing the air of mines. 223-227 
station for explosives, 272. 

Tiiu^sis (Spain) cop])er mine, 11. 
metlioL'of working, 128, 129. 
working by tlie filling up method 
at, 150, lal. 

Thick deposits, mode of working, 
146 -148. 

Thiokir B9 of beds, 4. 

Thiujgs falling from part way down 
shafts, aocidents from, 299. 
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ThiiigJfcJjl^g iiil.n “’'•i!' r^cm !.nvfiu’i,', 

• t'tnU: 

Throw uj ii 2 f. 

Vulfli fT>r ufit-viniuuij!; iftiiuuiir o}, 

JL 

Throws, 27. 

Thrust, 1 

Thiust v«^i-.ler ot'diHTuonf} rlnll. 4:!. 
Tiihii'witfi b'.riiii 4 jilantf IS 
Timli'-r •\l!’e<;iod b^aiihinl .in'l vov,-' 
table lOJ 

dee-iViiig, of imp 

sums. 2ir*. 
d>y rot m. 102. 
kiii/l'i ur^i m ijiinin^, K'O 
iiiothoiK foi piiiwr'inj,. in:', 
lui-sbapiji^, ]0.’>. ^ 

list'd hi Afiii'a, 101, 

Amfi'ifM, 102. 

Asia, 101. 

Aii.hUVilii;, 102 

ICurojte, lO't. 

Tilllbenui^ ol level'-, ol, !0,‘i, 

, 104. 

liaiicu, lOl. 

gold nuiiisol Uu' Wnrt.il* i-i.iiid, 

tuoUmd tt(. 107, ln> 
ro/idwuj.s, luclliotl.-, '4', lOl 
silt, null* s ill Ausi.iia, ilO. 

siiafls, TlteUlod oj’. 10;'.♦ 

TiU'lieaniig gun’"*, cm av*uiiig j 
water, 1‘7. 

Titi luiiij', 220. 

Thi ore. alluvuil deposits, 20. 
jtKKie of oeeiij leritse, ’2.0 
rousiiiig of, 2t>l. 

Veatiiieut of, 268. 

Till ‘ Stream w*>i’ks,' 26 . 

Tohoggaiimg, 2H7. 

Tools,*Amene.iii didlhig. Mi, 
fur boring 18. 

forde.iliiig witli .iceitk‘])l> U‘ boring, 

ba. 

freivl'alhng used in bonng, bO. 
used for oxcaviiliig^bd. 

Toi-cbes lor lighting woikings, 2211. 
Tor-ch lamps, ivcils, 2^0. • 

Torjiedo, 13^4. 

Traignotiux lielginni, use of 

wire-.saw at, 88, bO. 

Tiarns, lf»8. 

Trt.ai9 and tubs, accidents by, 
TrausporL nndorgi’ound, 102. • 

Transvaal gold, occurrence of, 14. 


Transvaal, gohi bearing (‘unglonieivfte. 
^ depfisiliuii <lf, “>. 
gol'i miMt-', iniMie ot wtirknig, lib, 

nl. ’ 

tlUlbeliiig UleUihd '>f, 167, 

lb>' 

vein III the I #i1eii]»urg *<listriol 

pi'odiietneii'".' ot. 

; 'Ciea'tM'H gut i mill" Ali'-Kii, !*t. 

I 'l)e<-,. kind- iiM’d lor liniheriii'.' 100. 
i Ti' iii'liitig. ■'>>' 40 
I I ugi i's iiieilmd ol .'^uikitig. ?2,‘. 

, '1 tumint i,''. ‘Jr-’J, 20 > 
i Tniek Aei--, 27.-. 

Tuhbi’ig'b'l'shall.-, 12), 124. 
Tubeieulo' 2.''2. 

Tubs, Ifii 

Tunnel sy-l<‘)ii <>' woiking tlin-k ■}■.'• 
■JlOMk, i ill,* 
ritnnellnig mm liines, 02, 
d'lunliilite- undeigioiliul, 

I* 

[ r\HI 1;. f! 1 l\<. I!i,ie!,llM S. 80, 02 

I liiidi igioinid ai enit 111 " 2!’<) 208,200. 
s if i>[( nl li'Mii 2 lit* 

so'ii"" u) t.ill-mil i)xni<‘ Ill 
tunu .s. 21 i 

guaf .IS .1 smiice 1 bk ^ 

])( sulpiiii!' Iiiliiis. e.iu'-'ed by 
frit (i-.ii i*t rr'!.ks, i in 
i\ 01 king", 14;’>. 

Lfiidei ieiiid sl'tjving, l-'S, 130 
Undellav, 7. 
fiiuh I'iie, 7 

United Sl.U's. i;up|»-i- milling district 
"f, 11 

liydiVinhc miimigin, 07, 08. 

kinds 111 Uiiibi-r used in. 102. 

I'i. k '-7 

ITiivcretU iniinuL'di[iii’in .i value of, 
in mine inan.igcis « xaminatioii, 
272. 

I'j'east sliaJl, 217 
Up7'fii''es (riii’ed SUlb^;, 134. 

IT'Upu i'll tiniiienng, 101. 

V' 

Vjtv Hisi: un iron ora* doposilH of 
Mi'-higan, 17. 

Van uiiiu). Wide-, nielbod of woiking 
Wide vein, 119. IhO. 

‘Vannnr, l''me, 206. 
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\Jetn of cjalcitc shft^iiig banded stnio- 
tuie, 6 . , 

gold-J>eariTig quartz, S^.. DavidV 
mini' i>o]gi'l]y, 0. 

Veins, fruriferoub, coni)>t.s,ili<iu of, Ifi. 
clay, 3 49, 150. 
delmition of, 4. <' 

D hfaive snlcwavH,‘JS. 

inofb'S of woiktng. 137-1 111. 

I'joductivenc.-,'; of, 8. 

Zu'u^riin.irin's rni'' for liofting ](>'t 
}>art of, 'Ml. 

Voinsfojie, definitk-n of, 8. 

Velocipedes usfd in adit levels, 211. 
Velocity of aircurn nt, ij!easui'‘'n3onl 
of, 225, 

Voutilation, 210. 
compressed air, *222. 
fans, 218. 

incthodbfoT testing air, 223. 
natura?; 210 . 

prodiif’ed by I'iunaoe, 217, 218. 
Verlic.d Hen.ion, 14S. 

Vibronu-ter. ib-auniont's 2r'2. 
"^'ictoria, sailrllc reefs of llendigo or 
Sandliursl goMfi 'irj. i,'. 

Villain on iron ore of Jjor'.iiijf, lii. 
Villiers speed-elici-ki'iig ajiphanee. 
V 3 89. 

( 

W 

Wam>j, 1 <: fan, 221. 

Wagg(»it.sfor ui'tleigiounu iis<', lol 
means of pji'pid'ion of. lOO, iill, 
mine, iis'sl as -i nioaiis of ajiaiss lo 
woiking plac‘\ 2-11. 

]»oii)tsto be considered in <!' -.igniiiu, 
159. 

Wales, mode of occurreiie.e of ^la1e in, 
23. 

Walkiitg -way^ to obtain :n ee.ss b- 
ivoi king'', 22(» 

Walling, i lu 
Wall j>iate. Iu«i 
Walls, Ml. 

Walls of a vein, tli linition ol, 7. 
Wardwell stone eluinin'lliite niaf Idnv. 
‘ _S7, S<.s. , 

WarKagb- mine, llobins l>eltcofiveyni 
ii‘-e(l -il, 155. < 

Wa.sli-on1 fault, 27. 

Washing nnnera], 
of coal, 2.58. 

Water barrel, (lailoway’s, 19(1. 


Water barrels, J95. 
merliodff’ for pifTenting inflb^v'fr of, 
191. 

pow<‘i fof dtain.ig'*, 199. 
povvri for e.\'caval rig, 73, 95-99 
129 

sepaiatioii of imnerals by motion 

■'ll. 'J'/O, 

spi.iv Ibj haying (lust, 288 ! 
tank, Uallow.a/s, 19«. 19^7, 198. 
W.i'"]' Hnsii sysb-ni ol packing in 
.uilhraeib'ii» IK'S, 1.50, 151. 
Wub-r g<*ngc, 22.5 
Oelsv.'cidt’s SI If-t' eorfliiigj 220. 

U aitr le;ym r K<vk Mill, 82, 83. 

W iti r-pr'"ssiirt‘engiii'^s, 199. 

V\ edge, hfb Oo. 

Weevil burrowing in timbor props, 

102 . 

Wells and iMreholes, 131, 

Wells lamj), 28.5. 
salt, 

kmips, 2o(k 

Weiy's ''.p<‘i'd-('hi'i'kiMg apjiliancc, 289. 
Wes' fndu.-;. p}l(■^pi!•lte of limftrde- 
juMils in, 

WetlHidl m.i"-|jetie s(;|ickl,..Lor, 258. 

vVheclti.uio'A,',, i.8;i. 

; WlnelsJoi luiiie waggons, 159. 
Wlitpsiderry, 173. 

While aui destructive to timber, 102, 

\\ iiil.s, 2ul. f 

Wnk veins, ni. (hod of working, 142. 
t\’ii'lii'/ku sail iiiines, tiiniuT structure 
at. 310. 

\\ imble used f<.r boring. -18. 

Wind hole or simre-piece, 200. 
Winding. 1.52, 172. 
r-ue'’ el oi kibble, J83. 
di.on->. 17 . 3 , 17(). 177. 
n»giue, indicator for.^188. 
engines, 173. 
pulleVI::, 17S. 

rate of, unih r the (loal Mines Uegu- 
lalion AVt,*‘239. 
rojtes, j78. 

speed itidicafois for, 239. 

Wind mills used f r working pumps, 
198. c 

Winze's, 187, 174 . 

Wuc rope guides, LS4. 

5Vir*-sVav used iii Belgium <juarrieSj 
• 88, 90. 

Wolt lamp, 232, 233, 
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Wo«iu wfbjtj 102. 

Wooden ajr ])mn^ • 

rod?^ toj‘ hv. 

‘ i-td!? for]>uru]‘«, 200. * • 

IVuiocsterslnJ^ IC.ist, 'Iraiiiaj^c foi 
min<-‘s in, 20S 

WuikiDj'bai ivl <tf pitiiiji 201. 

Hicp. iM, nr-. 

Workings, siil'uqutMnif, 131. 

Worknij^-ti, '(tn(^liuri cf. 2/0 

WorknnMiV <’■onip'-Ji'^atinn A<‘i, 27r>. 
IVrcHch Ibrboting pl.iuL, 4ti, 


Y 

Yia.i.ow wood for tiinhoring, 101. 

, Ym k'ih#*', otc.,ooa]ln'id, insiq’sliewing. 
10 . 

i 7 , 

1 ZntMMiM \x:iV Mile for finding !«■ 1 
I pari u( V(Mu. 20. 

I 7/iin‘dcscnptiiiii ot doposits of I'G. 
IHi ]K'nlnH‘ljeii null' slock rk, 20. 

iniiKTids assoeiiilnii wiih, 
modi id ocriin-’iiec, 26. 
troaiiiientof, 268, 
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THE ELEMENtS OF MINING 
AND QUARRYING. 


INTEODUOTION. 

Mining in the broadest sense of the term i.s the art of cxlracting 
minerals' from the crust of the earth. The two principal kinds 
of workings for obtaining minerals arc known as ‘mines’ and 
‘quarries’; hut, owing to legislative enactments, tliese words, 
or their equivalents in other languages, have various meanings, 
and consequently it is imjiossiblc to give precise definitions which 
will suit all countries. In tlie British Isles the ‘quarry’ is a 
working open to the sky, as distingui.shed from the ‘mine,’ in 
which the mineral is obtained from excavations under a cover of 
rock. With us, therefore, it is the nature of the excavation which 
decides whether the working is a mine or a quarry; in some other 
countries, on the contrary, it is (he nature of a mineral worked 
which settles the question. Consequently excavations which are 
legally ‘ quarries ’ in England may be legally ‘ mines ’ if situated 
in iPraifte or'in some of qur Colonies, and nw. versd. Under these 
circumstances it is vtnwiso to think of separating quarrying from 
mining in a small elementary treatise. 

Further, it is best for the elementary student to deal with the 
wihject broaSly, qnd not confine himself to the narrower splierc of 
the coal miner or the seeker for metallic ores. After mastering 
the general principles of his art, ho can specialise later on; and 
whto one'honstders thSt the tools employed in all kinds of mining 
are ycry similar, and that the appliances for raising the mineral to 
the surface and for draining and ventilating the workings ark often 
i3^i(j4, it is evideot that the elementary studeet neM not 130 in 
nflrty to devote himself exclusively to one particular branch of 
<^is prdf^sipiir 
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; treawBg njy subject 1 jiropose to follow whkt ma- 
ttof Natural order. ' , 

.Before beginning to work the useful minerals, the student shouM 
have some gcneral'ideas c.oneerning ‘the maimer in which they lie 
TO the earth’s cni-U, the indications which lead to their discovery' 
•aud the methods of search. . 

The modes of excavating r'aterials of varying, hardness will 
naturally ocenjiy mucu nttentiyji. „ 

During the work of exc.a 'atiou the miner has frequently- to 
prevent the roof apd aides from falling in upon him, and tlic 
means of siqjpuit have to be studied. 

The arrangement ol tlie excavations, so as to secure a cheap and 
safe removal of the mineral deposit, needs siiecial conaidi-ratiou. 

Next comos tlic coiivc^yanct: of the loineraj from the working 
places to the surface, the journey hoing most commonly performed 
m two stages! 

ihe Biibsifliary hut indispeusjihlo operations of keeping the 
workings free from water aixl su])])]ying them with air and light 
are imp{.>rtaut enough to require separate chapters. 

The means hy wliieh tfie miners reaiili their working places are 
various, and must he dosignod so as to save time and laliour. 

The mineral as brought up frimi the workings is frequently unfit 
for the nuyket, and has to ho prepnrod bef ii*e it is sold. 

Dhtaining an insight into all these subjects may appear a suflacient 
task for the elementary student; hut 1 think it desirable that he 
should go a trifle further, aud from the very outset seek to acquire 
a little information concerning the laws regulating mining, and the 
diseases aud accidents incidenUl to the miner’s calling. ' 

The student may easily recollect each separate sub-divisioii ef 
tiie subject by a single word, viz.‘' 


l. Occurrence. 

11. Discovery. 

III. Boring. 

IV. Excavation. 

V. Support. 

. VI. Exploitation. 
- VII. Haulage. 
Vfll. Foisting. 


L\'. Drainage. 

Veiitilatiofi. 
XT. Eighting. 

XII. Access. 

XIII. Dre.seiiig.‘ '■ 

XIV. Legislation. 

XV. Health. 

XVI.' Accidents. ; 


- lliis list should be committed to memory, as the variptjsbe^te^’ 
as pigeon-holes, according to which a ■.'<ti»d«rj: 
ms'^etes upon aliy particular mine or 
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PjioF. Siii n. [jB Nf;\r Ko^teu’.s larger work, Orfi and ^((me 
Mminff, was (loscrilxMl on *][ynh]ication uk “ epoch-maUing,” and 
immediately look i'l'out rank Cor advaiiecd students and pmctical 
men. Tliis ajnallor work was prt‘[»aro<l at the Ruggestion of the 
Publishers, to meet tJie needs of tliose who did not require the 
long and inirmte description essential to the larger book, and 
itVas the last and most mature work of the dlstingnishod authof, 
who was aeknowh'flgcid to ho the gr(!at<‘st authority on luechanical, 
meliEdlnrgical, geological, and legislative aspects of mining and 
quarrying. For acciirai’.y of teaching, for brevity and comprehen¬ 
siveness it is unequalled, and forms a thoroughly trustworthy 
gmdo, not only for the hegiiinor Init for the experieneed niinfir,i, 
as, well as directors and shareholders of mining companies who 
.diJfeir()fto obtain an aiitliorit,alive, cteiir exposition of mining by 
fl writer possessing sii^pilarly happy powers of exposition. Tliig 
edition contains the revision made for the Second Edition by ■ 
S.‘HCTbeii.Cox, .Assoe.li.S.JI. 

C. G. ii CO. top. 

Janv/r.ry 191c. 

S^^ited/or FowUt Eduion. 
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After dovotin^^ time and trouble to the preparation of t\m little 
work, ] am not likely to be the first to decry it; but, lievertheless, 

I feel it my duty to varn the Bfudent ^sl»o is entering upon the 
Study of the Art of Alining that lie must not depend solely u|)on 
liooks, and that he will never learn niucli about the subject iiiiless 
he diligently visits mines and obtains his knowledge first-hand. I 
look upon a mining treatise as a guide-book. If one visits a 
foreign country, a ‘Baedeker'or a ‘Alurray'is purchased, with 
the object of learning* what jilaece arc to he visited with the 
greatest prolit, what sights are the most attractive. In a siaiilar 
manner a book on mini: g aids tlic student in accuiiring informa¬ 
tion, explains points which may be obscure, and suggests subjects 
fof inquiry, but without in any way enabling him to dispense 
with the knowledge wl»ch comes from seeing and doing things. 

Many persons have given me aid in preparing this book, and 
to'all of them I.desiro to express iny gratitude. My thanks are ' 
also due to the Councils of tho following Institutions for per, 
miseien fo make use of illuArations wliioh have appeared in 
their l^'^ansactiona, viz.—The Institution of Civil lingineers," the 
1. Instittttlon of JBning and Metiillurg:, the IrOn and Steel 
, Institate,-and the Institution oj Mining Engineers, In a similar 
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mMWM/ I «ini indebted to thoL l^litors of The 

MiiUng iJew Yorlt, Minei ma Mmerd,., __ 

mUSmUskauf^ Kssep^ My frieud and former colloafjue Mr g! J. 
(Williams has enabled me to embellish my paijos by placing at 
My disposal his large collection of jiiiotographs; jmi, lastly, I am 
under obligations to *iy friund* Mr Mbre of the Home Office' 
for kindly reading the proofs/ami preparing the index. 

C. Idi iNKVJi FOSTKH. 



Royal School ov Mr.vrw, 

Li'Kuox, ^'oremhur 1003, 



